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Childhood obesity continues to be a one of the biggest health issues facing children 
worldwide, with major health effects well recognised.  Multiple steps are involved in 
intervening in childhood obesity.  This thesis looked into several ways to address 
childhood obesity in both the secondary care, as well as the community setting. 
 
This study was made up of four separate studies, aiming to look at different aspects of 
childhood obesity management.  The first looked at Growth recording.  Growth charts are 
required to identify abnormal growth patterns.  This has traditionally been performed on 
paper charts, but the introduction of electronic growth charts provides the opportunity 
for improved availability and consistency of information to support clinical decision 
making.  The Southern District Health Board introduced electronic growth charts in 2010 
and this provided an opportunity to evaluate their use and uptake. 
 
Once growth is recorded consideration must be given to the growth, it must be addressed 
if abnormal and appropriate clinical management engaged.   The second study in this 
thesis involves a clinical audit of children identified through the electronic database as 
being obese to assess their clinical management. 
 
The thesis then moves into the community to look at management of childhood obesity 
further afield.  Once obesity is identified, early intervention is assumed to give the best 
outcomes for future health.  The Before School Check (B4SC) Referrals initiative set up by 
the New Zealand Government aims to do this by referring children identified as obese at 
their B4SC to community interventions.  This study (The Kids BMI Study) aimed to assess 
this by following these children up a year later to review their growth and quality of life.   
Unfortunately this study suffered poor recruitment with feedback suggesting negative 
experiences around discussions of growth at the B4SC, which may have been affecting 
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engagement both in the study as well as with the obesity interventions offered.  
Therefore, a caregiver survey study was set up as the fourth study in the thesis, to 
investigate parental experiences and preferences regarding the growth discussion held 





1. Examine how well an electronic-growth module introduced to the Southern 
District Health Board (SDHB) has been used  
2. Describe obesity prevalence in children presenting to secondary care in the SDHB  
3. Describe the management of obese children in secondary care at SDHB in terms of 
diagnosis, investigation and management plans 
4. To evaluate the B4SC Referrals initiative for childhood obesity regarding service 
delivery and impact 
5. To investigate how the discussions around childhood obesity are being carried out 





Studies 1 and 2 - Electronic Database Studies 
All records between 2010–2015 in the Southern District Health Board (SDHB) 
anthropometry database were downloaded and examined in a retrospective cohort 
analysis.  Records were extracted after matching to demographic and clinical-setting data 
from the hospital patient-management system.  All clinical records were further 
examined using a standard data extraction form for 333 obese children regarding their 
clinical management. 
 
Studies 3 and 4 - Kids BMI Studies 
The families of children in the South Island identified as having a BMI in the obese range 
at their B4SC (aged 4yrs) between November 2016 and October 2017 were invited to 
participate in a one year follow-up home visit evaluating growth, quality of life and 
exploring the interventions they had received.  Those who did not respond were invited 
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to participate in a caregiver survey regarding their experiences of the discussion around 




Electronic Database Studies 
Analysis included 30,670 data entry points, representing 8,551 children.  Data entry 
increased over time.  By the fifth year of use up to 67% of available clinical encounters 
had anthropometry recorded in the outpatient department.  Errors identified were low 
(0.2% of all data).  Weight was the most commonly recorded measurement (98.2% of 
anthropometry entries, 35.1% of available clinical presentations).  A BMI z-score was 
available for 81.5% of entries, 29.1% of presentations.   
 
The prevalence of overweight and obesity was higher than the average national rates, but 
stable over the five year period.  Children of Maori and Pacific Island ethnicity, those most 
deprived and males were over-represented in terms of obesity.   
 
 Of the 333 obese children whose clinical management was examined, 45.0% received a 
diagnosis of obesity.  Of those diagnosed 24.7% had further investigations, and 72.7% 
were given management plans.  Older females were more likely to receive clinical 
intervention, while Maori and Pacific Island children less likely. 
 
Kids BMI Study 
Home visits were performed on 104 of 839 eligible children.  For these participants the 
child’s weight had been discussed at the B4SC for 76.0%, referral to either a health 
assessment or community intervention were made in 49.0%, and attended by 26.0% of 
participants.  Maternal obesity appeared to be a barrier to both the discussion of high BMI 
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and attendance at interventions. There was no difference in change in BMI or QOL 
between those that had received intervention for their high BMI and those who had not. 
Caregiver surveys were completed by 43 families and reported discussion of child’s 
growth to be occurring in 88.4% of B4SC visits (although descriptions of weight ranged 
from obese to healthy).  Caregivers were happy with the words used to describe their 
child’s weight in 78.4% of surveys.  Themes identified in comments included; 
inconsistency of messaging, not feeling listened to, underlying perceptions of weight or 




The introduction of an electronic anthropometry database has been successful with 
increasing rates of use over time, especially in outpatient clinics.  Further focus to 
improve inpatient recording of height and weight is needed. 
 
In the SDHB secondary care setting, 40% of children were overweight or obese, and yet 
the rate of clinical intervention left room for improvement suggesting a need for further 
staff education and clear guidelines.  Children of Maori and Pacific Island ethnicity had 
higher obesity burden, yet were less likely to receive clinical intervention.   
 
Referral rates for health assessment and community intervention programmes in the 
B4SC Referrals were lower than the recommended 95% health target.  This is likely to be 
affecting opportunities for early intervention for childhood obesity.  In order to have 
maximum service uptake the initial conversation informing a parent that their child is 
obese needs to be optimised to ensure ongoing positive rapport.    The effectiveness of 
the B4SC initiative must at this point be questioned, and whether valuable resources 
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Introduction to the Thesis 
The broad aim of this thesis was to investigate interventions for childhood obesity in New 
Zealand in the hopes of ensuring that the interventions currently in place are effective, thus 
improving service delivery and outcomes. This was performed by reviewing several 
interventions in regards to growth monitoring, secondary care clinical intervention and 
community screening and referral.  The thesis contributes to describing the incidence of 
childhood obesity in the secondary care population of Southern New Zealand, as well as 
exploring the introduction of electronic growth charts and their utilisation for growth 
monitoring and management.  It also includes investigation of impacts of community 
intervention programmes for pre-schoolers with obesity, and using qualitative research to 
assess how we can improve communication with families to increase the uptake of these 
programmes.   
 
Chapter 1 is a literature review regarding childhood obesity, its definitions and how we monitor 
it.  It also aims to describe current community interventions in place for childhood obesity, as 
well the literature regarding communication of obesity with families.  This forms the 
background to the following studies. 
 
Chapters 2 and 3 are a set of two published papers which describe my Master’s study (which 
subsequently upgraded to a PhD).  The first (Chapter 2) describes the uptake and use of 
electronic growth charts as a growth-recording tool in the SDHB.  Chapter 3 describes the 
clinical management of obese children within the SDHB.  I learnt a lot in this study regarding 
the use of big datasets and the importance of accurate data input.  There was also a lot of 
valuable information found regarding the incidence of childhood obesity presenting to 
secondary care and how this was being managed clinically.  Identifying issues relevant to New 
Zealand specifically was valuable due to the sparsity of current literature. 
 
Chapter 4 is a paper describing an evaluation of the B4SC referrals programme involving 




Chapter 5 is a paper detailing the outcomes of a survey sent out to the same population as the 
above study.  This survey was developed after poor response rates and negative feedback from 
parents regarding the B4SC process led us to question how this could be improved.  A survey 
was formulated to gain parental opinion regarding this interaction and how this could be 
improved.  Due to the sensitive nature of obesity, it is important that this discussion is handled 
in a careful, culturally appropriate manner, and research in the presenting population regarding 
their preferences is important (and is currently lacking). 
 
Chapter 6 summarises the results of the above studies and outlines their contribution to the 
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1 Literature Review 
Childhood obesity is a vast topic, which covers many domains.  Due to the importance of 
this health issue, the research in this area has vastly increased over the last twenty years.  
In this literature review I have endeavoured to cover subtopics relevant to the aims of the 
thesis as outlined above. 
 
The first section of this literature review aims to describe the definition of childhood 
obesity, the terms used to define it, its cut-offs and how these have been derived.  This is 
important as many different definitions are in use, and it is useful to understand the 
reasoning behind each.  The first study in this thesis looks at electronic growth charts, 
and having an understanding of how we define obesity, measure it, and then standardise 
this is important in this overall body of work.  Understanding what information exists 
regarding growth charts will help describe where holes lie in the existing research. 
 
1.1 Definition of Childhood Obesity 
 
While overweight can be defined as weight being high for your height, obesity is an excess 
in body fat mass or “adiposity”.  Therefore, in practical terms, when assessing a person 
for obesity, ideally a measure of body fat or its distribution should be used (Ogden, 
Yanovski, Carroll, & Flegal, 2007). 
 
1.1.1 Body Mass Index 
 
In order to estimate body fatness, the most commonly used tool is the BMI (body mass 
index) (Eisenmann, 2006).  Although there are more accurate tools available for 
measuring body fat, BMI is the recommended screen by the World Health Organisation 
(WHO) (Barlow, 2007) and is commonly used worldwide.  The NZ Ministry of Health 
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(MOH) recommend calculation of BMI for age and gender, and plotting on an age and sex 
appropriate WHO growth chart whenever a child presents to health care.  A measurement 
of BMI is said to be reliable, non-intrusive, reproducible, simple and cheap (Bellizzi & 
Dietz, 1999; Power, Lake, & Cole, 1997).   
BMI is defined as: 




In children higher BMI-for-age is associated with greater amounts of body fat (Freedman, 
Wang, et al., 2005; Mei et al., 2002; Pietrobelli et al., 1998; Zimmermann, Gubeli, Puntener, 
& Molinari, 2004) as well as increasing cardiovascular risk factors, and increased risk of 
mortality (2013; Freedman, Wang, et al., 2005; WHO, 1995; D. P. Williams et al., 1992). 
 
BMI however, cannot tell the difference between fat and fat-free mass (E. Duncan, 
Schofield, Duncan, Kolt, & Rush, 2004) (Eisenmann, 2006) leading to it being a less 
sensitive or specific tool, especially when there are differences in ethnicity, high levels of 
muscle, extremes of height or an unusual fat distribution.  Instead, it is a measure of body 
proportion and should be treated as a screening tool for predicting overweight/obesity.  
We are aware however, that once in the obese BMI range, any additional increment in 
BMI is fat (J. Williams, Wake, & Campbell, 2007).  In the clinical context, BMI measurement 
is used to identify children who are at risk of comorbidities from obesity, to plan 
treatment and to monitor progress. 
 
1.1.2 What cut-offs should we use? 
 
In the adult population BMI cut-offs are used to assess weight, based on defined risk 
thresholds (Peterson et al., 2017).  The different categories for weight are defined below 




Table 1 Categories of weight definition in the adult population 
Weight Category BMI 
Underweight < 18.5 kg/m2 
Healthy weight 18.5 – < 25 Kg/m2 
Overweight 25 - < 30 kg/m2 
Obese ≥30 kg/m2 
BMI; Body Mass Index 
 
In children, the classification of obesity is more difficult.  A child’s height is still increasing 
and their body composition is ever changing.  Normal growth in a healthy population is 
associated with variations in the proportion of fat normally carried by a child throughout 
their childhood, due to factors such as age and puberty.   
 
This starts at around 13-15% adiposity in the newborn (made up of a higher proportion 
of energy burning brown adipocytes, the proportion of which decreases with age), 
increasing to 25-26% in a child who is around a year of age, decreasing to 12-16% in a 
healthy 4-6 year old.  In early adulthood women carry around 20-25% fat, while men 
carry 15-20% (French Institute of Health and Medical Research (Inserm), 2000).   
 
The second rise in adiposity, starting at age 2 - 6 years, is called the “adiposity rebound”.  
The risk of adult obesity increases if this adiposity rebound occurs early (French Institute 
of Health and Medical Research (Inserm), 2000).   
 
Therefore, when looking at obesity in children, there is a need to constantly adjust 
anthropometric cut-offs for age and gender (Dansinger, 2007; French Institute of Health 
and Medical Research (Inserm), 2000; Sardinha, Going, Teixeira, & Lohman, 1999).  BMI 
charts are therefore used when identifying children at risk of poor health outcomes or 
who need health intervention (E. Duncan et al., 2004) – see Figure 1 for an example BMI 
chart (CDC BMI chart for Boys Age 2-20yrs), showing the normal expected variation in 




Figure 1 BMI percentile for Boys age 2 to 20 years of age.  Image from Centre of Disease Control; Licence Public Domain 
 
There are two main approaches for classifying children by BMI – distributional and 
anchored.  Distributional (using percentiles and norm referenced), is most common for 





1.1.2.1 The Anchored Approach 
 
The anchored approach for defining childhood obesity links childhood obesity cut-off 
points with adult thresholds.  The BMI percentiles of 25kg/m2  and 30kg/m2 at age 18 are 
identified and projected backward in the reference population, giving threshold cut-offs.  
For population monitoring in New Zealand such as the New Zealand Health Survey, the 
anchored approach is used, and the International Obesity Taskforce (IOTF) body mass 
index cut-offs are used to define obesity (Cole & Lobstein, 2012; Ministry of Health, 
2016a).   
 
1.1.2.2 Distributional Approach - Cut-offs currently in use 
 
Charts of percentile/z-score cut-points based on BMI for age and sex are used to define 
obesity.  Different classifications for cut-offs have been proposed, but which system has 
the best evidence in practice has not yet been shown (NICE, 2006).  Table 2 below outlines 
the approaches for classification of overweight/obese of the main clinical bodies in 
America, the United Kingdom, NZ and Australia.  Some include separate definitions for 
teenagers and children under two years of age.   Different growth standards have been 
utilised and will be explained in the next section.  Definitions of overweight range from 
>84th to >98th centile for children 0-5yrs.  Obesity definitions range from >95th centile to 
>99th centile for children 0-5yrs.  This highlights the fact that there is currently no 




Table 2 Cut-offs for Childhood obesity used by the main clinical bodies in America, UK, Australia and New Zealand 
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Different guidelines utilise centiles or z-scores.  BMI z-scores (z-BMI) demonstrate the 
number of standard deviations a child is away from the 50th centile of BMI (average BMI) 
for age. A child above average has a positive z-score, while a child below average has a 
negative z-score.  Centiles describe the proportion of the population that are equal to or 
lower than the child.   
 
1.1.3  Reference populations 
 
When classifying a child as obese you are comparing them to a reference population.  If 
you have a different reference population you will receive a definition of obesity at 
different BMI points (Ogden et al., 2007).  Some countries have developed their own local 
BMI reference charts.  New Zealand has no population specific reference data, and relies 
on using those gathered around the world.    
 
The two most common options for paediatric growth standards are the WHO (World 
Health Organisation) and CDC (Centre for Disease Control) standards. 




Table 3 Comparison of Growth Standards; CDC and WHO 
 US-CDC 2000 Growth 
Reference 
WHO Growth Standards 
2007 
Data source  












National data only Brazil, Ghana, India, 






1970s and 80s 1960s – 70s (prior to 
obesity epidemic) 
 Representative of the 
population growth at the 
time 
 
Ideal child growth 
 2/3 formula fed Breast fed 
Removed any child with 
weight/height >2sd (Rao & 
Simmer, 2012) 
 
Birth to 2m No data Measured 6x(de Onis, 




The BMI curves are very different.  The WHO charts aim to represent ideal growth in 
healthy, breastfed children from mothers who did not smoke during pregnancy.  The 
collection of data from six different countries (where there appeared to be no significant 
difference by country) means that the data curves can be used for any ethnicity.  It was 
also collected prior to the onset of the obesity epidemic.  The CDC data is more 
representative of population growth at the time of data collection in the United States.   




For children 5-18yrs, CDC have available a CDC 2000 growth chart based on population 
data from the US.  The WHO Child Growth Standards preferred to create a growth 
standard based on a population that achieved expected growth.  To do this they 
reconstructed the 1977 NCHS/WHO growth reference for the period 5-19 years (de Onis, 
2015) and merged this with the data from the under-fives growth standard.  This created 
a smooth transition between the 2 samples, and indeed between the child and adult cut-
offs (de Onis, 2015).   
 
The argument for using a growth chart reflecting ideal child growth are compelling in 
order to highlight children who may require further evaluation to improve their health.  
The CDC charts represent an overall heavier and shorter sample of children.  In the initial 
6 months of life infants may appear to falter on the CDC charts, while tracking well on the 
WHO charts.  In this situation a mother may be encouraged to increase feeds in a child 
that already has a healthy weight.  Later in childhood children may track normally on the 
CDC charts while being identified as overweight on the WHO chart.   If on the WHO chart 
this family may receive input regarding healthy lifestyle advice, while the child on the 
CDC chart is not yet identified.  
Growth charts are not used as a diagnostic tool, but to help form a clinical impression of 
a child being measured.  They help identify children at risk of health complications or 
who require further intervention or advice.  Basing this impression against ideal growth 




1.1.4 The New Zealand Definition of Childhood Obesity 
 
New Zealand does not have historical data available to create its own growth standard 
specific for its own individual population.  Up until December 2016 the New Zealand 
Ministry of Health (MOH) – Te Manatū Hauora, had used the contemporary definition for 
overweight and obesity (85th and 95th centiles of BMI) under the CDC growth standards, 
but has since moved to using modified cut-off points based on the NZ-WHO growth charts 
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for under five year olds.  This defines overweight as BMI over the 91st centile, and obese 
as over the 98th centile (Ministry of Health, 2010a, 2016b).  These are used clinically for 
providing feedback to parents and caregivers about individual children’s growth.   The 
cut-offs for older children remained undefined.   
 
As of January 2019 the WHO classifications have been adopted in NZ as they are 
internationally recognised, represent normal growth, and support international 
alignment and consistency.  These define overweight as > 2z-scores in 2-5yr olds and > 
1z-score in 5 to 19yr olds and obese as > 3z-scores in 2 to 5yr olds and > 2z-scores in 5 – 
19yr olds (Ministry of Health, 2018a). 
 
As mentioned above, the New Zealand Ministry of Health have adopted the use of 
modified WHO growth charts.  They utilise nine centiles to visualise growth instead of z-
score lines, as well as a de-emphasis on the 50th centile.  This makes explaining growth to 





Figure 2 Example NZ-WHO Growth Chart for Girls Height Ages 2-5years 
 
1.1.5 Ethnicity and BMI 
 
The WHO growth standards describe: 
“normal child growth from birth to 5 years under optimal environmental conditions and 
can be applied to all children everywhere, regardless of ethnicity, socioeconomic status and 
type of feeding” (World Health Organisation, 2018) 
 
New Zealand is well recognised to have an ethnically diverse population.  Children are 
more ethnically diverse than adult New Zealanders (see Table 4).  The 2013 census found 
that while 2.6% of those aged over 65yrs, and 11.2% of the overall population identified 
with more than one ethnic group, 22.8% of children identified with more than 1 ethnic 









European 74% 71% 
Maori 14.9% 25% 
Asian 11.8% 13% 
Pacific Peoples 7.4% 12% 
Others 1.2% 1% 
 
Although the WHO growth standards are described as being applicable to all children, 
regardless of ethnicity, there are concerns regarding the use of BMI charts in people of 
Maori and Pacific Island ethnicity.  It is thought that for a given BMI they may have a lower 
level of body fat (E. Duncan et al., 2004; J. S. Duncan, Duncan, & Schofield, 2009; Goulding 
et al., 2010; Ministry of Health, 2004; E. C. Rush, Plank, Davies, Watson, & Wall, 2003; E. 
C. Rush, Scragg, Schaaf, Juranovich, & Plank, 2009; Swinburn, 1998; World Health 
Organisation, 2000).  No specific BMI charts have been developed for these populations 
and it has been postulated that higher BMI cut points may be needed for Maori and PI 
populations (E. Duncan et al., 2004; Swinburn, 1998).  However, further studies by Taylor 
et al (2010) and Tyrell et al (2001) found that higher thresholds led to a reduction in 
recognition of individuals with risk factors for CVD and so this approach was not justified 
(R. W. Taylor, Brooking, et al., 2010; Tyrrell et al., 2001).  In the end, cardiovascular and 
mortality risk starts to increase from 50th centile of BMI in adolescence and the cut-points 




1.1.6 Use of Growth Charts 
 
The recording of growth has traditionally been performed on paper based charts.  Studies 
have recorded rates of use in clinical settings to be lacking with weight measured in 52-
95% of children, height in 0-42%, and head circumference in children <2 years of age 
measured 0-11.1% of the time (Cummings, John, Davis, & McTimoney, 2005; Lek & 
Hughes, 2009; Ramsden & Day, 2012).  It is important to carefully plot the growth onto 
the suitable growth charts in order to allow the proper interpretation of these 
measurements however, and research suggest this only occurs in 0-25% of cases 
(Cummings et al., 2005; Lek & Hughes, 2009; Ramsden & Day, 2012).   
 
Ninety five percent of children in a Christchurch, NZ study 2012 had a weight recorded 
on their clinical charts, but only 7% had the weight transferred to a suitable growth chart 
for interpretation (Ramsden & Day, 2012).  The department initiated new guidelines and 
educational activities, and following this a weight was measured on 100% of the children, 
and 23% had it transferred to a growth chart (Dodgshun & Day, 2013). 
 
Research suggests that the process of further calculating the BMI from the collected 
height and weight in the clinical setting are low, with rates sitting between 0–20% 
(Cummings et al., 2005; Lek & Hughes, 2009; Ramsden & Day, 2012).  The error rates 
while plotting growth points on growth charts are also estimated to be high at 35% 
(Ramsden & Day, 2012). 
 
Research looking at how often childhood obesity is actually recognised or addressed in 
the clinical setting suggests significant room for improvement.  Six studies in America 
found diagnosis rates of children presenting to paediatric settings between 18 – 54%.  
Management of this health issues was less likely to occur in the young, males, but more 
common in black and Hispanic children (Barlow, Dietz, Klish, & Trowbridge, 2002; 
Benson, Baer, & Kaelber, 2009; Brady et al., 2016; Dorsey, Wells, Krumholz, & Concato, 
2005; O'Brien, Holubkov, & Reis, 2004; Patel et al., 2010).  One Australian study found 
14 
 
one third of obese children received a diagnosis (M. Campbell, Bryson, Price, & Wake, 
2013), while another found rates of 1 in 58 children had obesity addressed (Cretikos, 
Valenti, Britt, & Baur, 2008)  The children diagnosed tended to be older and in poorer 
health.  A study in NZ from 2009 found that only 6% of clinicians used recommended 
guidelines for assessment of overweight children and adolescents (McClintock & Hedge, 
2009). 
 
Electronic growth charts are relatively new, therefore, data on their use is sparse.    
Savinon et. al. 2012 implemented electronic growth charts, screening questionnaires, as 
well as guidelines and training in a Community Health Centre in America.   This increased 
BMI documentation rates from 33% to 94%, as well as increased growth chart plotting 
from 0% to 94%, compared to when paper charting (Savinon, Taylor, Canty-Mitchell, & 
Blood-Siegfried, 2012).  Other studies have found increased rates of obesity diagnosis in 
children (Keehbauch et al., 2012) and adults (Bordowitz, Morland, & Reich, 2007) 
following the implementation of electronic growth charts.   
  
1.1.7 Other forms of Anthropometry 
 
BMI is not the only option for monitoring how a child is growing.  Some of these are 
common such as waist circumference or skinfold thickness, and others are experimental 
or only for research purposes, and described below. 
 
Skinfold thickness measurements are usually taken at the triceps and sub-scapular 
regions.  They measure subcutaneous fat, and a reasonable prediction of total body fat 
can be estimated (Blair, 2006), but they are not recommended as they are difficult to 
perform and no standards are available (Barlow, 2007).  Studies suggest high inter-
operator error (0.5 – 2.0mm for the triceps and subscapular skinfold sites) (Blair, 2006; 
Malina, Huang, & Brown, 1995; Power et al., 1997) as well as the procedure being less 




Waist circumference measurements are easier to perform, and give valuable information 
regarding cardiovascular and metabolic risk factors in adults (Blair, 2006), but their 
advantage over BMI percentiles has been debated (Barlow, 2007; NICE, 2006).  Recent 
literature suggests that waist height ratio (WHtR) <0.5 gives children cardio-metabolic 
risk seen in those with BMI in the normal category.  Those with higher WHtR warrant 
further clinical work-up due to increased cardio-metabolic risk (Khoury, Manlhiot, & 
McCrindle, 2013).  WHtR can therefore be used as a secondary tool for assessment of 
cardio-metabolic risk in overweight children. 
 
Tri-ponderal mass is defined as weight (kg) / height (m)3.  An American study of 2285 
non-hispanic 8-18 year olds, found TMI to be more accurate than BMI z-scores (Peterson 
et al., 2017).  It was easier to use with no need for age and sex specific centile charts (they 
used simple TMI thresholds derived from BMI charts).  It is currently not validated for 
other ethnicities or younger ages and is not currently standard practice or widely used. 
 
There are also methods to measure body composition directly, making it possible to 
directly assess body fat, but these are usually only used for research purposes and are not 
usually used in a clinical setting.  These include dual energy X-ray absorptiometry 
(DEXA), bioelectrical impedance analysis (BIA) and underwater weighing (hydro 
density).   
Studies regarding these techniques however, have been useful to validate the usefulness 
of the BMI measure.  Original studies in 1996 validated the use of DEXA against fat mass 
calculated via a multi-compartmental model previously performed by Slaughter et al 
(Slaughter et al., 1984).  It found DEXA to have a strong correlation with actual fat mass, 
being both accurate and precise (Goran, Driscoll, Johnson, Nagy, & Hunter, 1996).   
Pietrobelli et al compared BMI and DEXA in more than 1000 Italian children aged 5-19yrs.  
It found that BMI explained 85% and 89% of between individual differences in total body 
fat in boys and girls respectively.  A stronger association is seen between BMI and total 
body fat than percentage body fat (also consistent with finding seen in the study by Goran 
et al.).   Although this study examined a wide range of ages, the group contained only 
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white Italian children, so cannot be compared across multiple ethic groups (Pietrobelli et 
al., 1998). 
Freedman et al performed DEXA as well as anthropometry on 1196 children aged 5-18.  
They found that the relationship between BMI and fat mass was non-linear with BMI 
performing relatively well in heavy children but not among thinner children (Freedman, 
Wang, et al., 2005).  This has been echoed in other studies (Bray, DeLany, Harsha, 
Volaufova, & Champagne, 2001; Mast et al., 2002; Schaefer, Georgi, Wuhl, & Scharer, 
1998).   
Studies regarding BMI and BIA have also found good correlation of BMI to body fatness 
with r values ranging from 0.65 to 0.82 (Pietrobelli et al., 1998).  BMI has also been 
compared to body composition via underwater weighing in three studies, which found 
variable correlations (r values 0.80 – 0.9 for total body fat, r values 0.44 – 0.96 for 
percentage body fat). 
Overall when compared to measures of body composition BMI has been found to be an 
accurate tool but with a strong association with fatness, but there are limitations to this.  
Most of these studies have been performed in mainly European populations and it is hard 
to extrapolate this to ethnic populations with higher rates of obesity such as the 
Maori/Pacific Island population in New Zealand.  The tool is also more accurate for 
fatness in the higher BMI ranges and struggles when a BMI is low (which in the case of 
obesity is a bonus for this tool).  Clinically body composition tools are not practical, so 




Obesity is an excess in body fat.  Despite its controversy, BMI continues to be the most 
widely used and accepted screening tool we have for childhood obesity.     There continues 
to be some variation regarding definition of obesity around the world, which must be 




In NZ we use WHO modified growth charts and obesity is now defined using the WHO 
classifications.  The use of WHO growth standards also mean we are assessing against 
‘ideal growth’, which should be universal across all ethnicities. 
 
Clinically, it must always be remembered that a BMI measurement is a screen, and must 
be followed up by clinical assessment before a diagnosis of obesity should be made. 
 
Traditionally growth monitoring has been performed with paper growth charts, and in 
clinical settings, low rates of recording and interpretation have been documented.  The 
introduction of electronic growth charts promises better rates of growth monitoring.  
Nothing exists in international literature regarding its introduction as yet and this thesis 






1.2 Epidemiology of Childhood Obesity 
 
The following section reviews the current epidemiology of childhood obesity in New 
Zealand as well as globally, and as it trends over time.  It is important to understand who 
the high risk groups are in your population, so that resources are targeted appropriately.   
 
1.2.1 Obesity in New Zealand 
 
The latest New Zealand Health Survey (2018/19) found 11.3% of children aged 2-14 
years (94,000 children) to be obese.  Another 19.8% were overweight (Ministry of Health, 
2019).    
 
Table 5 Unadjusted prevalence of overweight and obesity in New Zealand children 2006 - 2018 
 2006/07 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18 2018/19 
Overweight 21.0% 21.1% 21.7% 23.2% 21.7% 21.1% 21.0% 19.6% 19.8% 
Obese 8.4% 10.7% 10.5% 9.9% 10.8% 10.7% 12.3% 11.5% 11.3% 
Source: New Zealand Health Survey Data(Ministry of Health, 2019) 
 
Since 2006 the rates of childhood obesity initially rose but have since stabilised for some 
time (Ministry of Health, 2007, 2012, 2014a, 2015b, 2016a, 2018b; Sharpe et al., 2013).  
In the latest survey children aged 2-4 years had an obesity rate of 7.8%, those 5-9 years 
a rate of 12.3% and those 10-14 years a rate of 12.2% (Ministry of Health, 2019).  Rates 
in the older children have remained static for some time.  Improvements were seen in the 
rates of preschool children with rates trending downward toward 2016, increased 
toward 2018, but this year’s rates are again an improvement. The paper by Shakleton et 
al looking at Before School Check data, also recorded rates to be declining toward 2016 
(Shackleton et al., 2018).  
 
In NZ obesity has a strong correlation with both ethnicity and social deprivation.  Boys 
and girls are at equal risk of obesity overall with an adjusted odds ratio of 0.98.  Children 
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of Maori ethnicity are more like to experience obesity, with 15.5% being obese, while 
those of Pacific Island ethnicity have even higher rates with 28.4% obesity compared to 
8.2% of NZ European children.  Asian children in New Zealand were historically less likely 
to experience obesity, but the latest survey showed them to also have a higher prevalence 
for the first time at 9.9%.  Those that live in the most deprived areas have childhood 
obesity rates of 20.4%, while the least deprived had a rate of only 5.5%. 
 
1.2.2  Obesity Internationally 
 
The obesity epidemic began to hit in the 1970s.  The recent 2019 UNICEF State of the 
World’s Children report suggests that the number of overweight children has risen in 
every continent (UNICEF, 2019).  Worldwide obesity prevalence has nearly tripled since 
1975 (Ezzati et al., 2017).   
 
An estimated 40 million under 5 year olds were over a healthy weight worldwide in 2019.  
This was once considered an issue only seen in high-income countries, but since 2000, 
the number of overweight children under 5yrs has increased by 50%.  In 2018, nearly 
half of the obese children under 5 years lived in Asia (UNICEF, 2019). 
 
Over 340 million 5-19yr old children and adolescents were over a healthy weight in 2016.  
This was a dramatic rise from 1975 (4%) to 2016 (18%).  There was no difference 
between girls and boys in rates.  In 1975 only 1% of children 5-19yrs were obese, while 





Throughout the world population overweight and obesity are causing more deaths than 
undernourishment (World Health Organisation, 2019).  There are more people obese 
than underweight everywhere in the world except for parts of Sub-Saharan Africa and 





1.3 Causes of Childhood obesity 
The World Health Organisation Global Action Plan for the prevention and control of non-
communicable diseases states that determinants of health include(Salinas & Kones, 
2018): 
o 20-30% genes 
o 15-25% socio-economic factors 
o 40%  individual health behaviours 
o 10-15% health care 
o 5-10%  properties of the physical environment 
 
Obesity is a complex disorder with many risk factors.  The immediate cause is imbalance 
between energy consumed and expended.  Any imbalance will largely be due to a change 
in diet or physical activity pattern.  This change in pattern is likely going to be due to 
changes in the environment or societal shifts (WHO, 2018).   
 
The rates of childhood obesity have increased rapidly in recent years, and this has been 
put down to the ‘obesogenic environment’ – “an environment that promotes 
overconsumption of food and limits physical activity” (Ministry of Health, 2017).  It is well 
known that there is a large genetic component to obesity, but this cannot explain the 
rapid rise in obesity that we have seen recently.  It may however explain why different 
people react differently to the environment they are in. 
 
This section reviews the literature regarding some of the most important causes of 
childhood obesity.  It is important to look for areas that can be addressed in terms of 




1.3.1 Energy Imbalance 
 
An energy imbalance of excess intake vs expenditure over time will inevitably result in 
deposit of energy as excess fat on the body.  Many factors have been identified to be 
involved in this energy balance for childhood obesity such as the ease of access to food 
that is rich in energy, increased portion sizes, decreased physical activity, and 
increasingly sedentary lifestyles.  Low levels of physical activity have been found to be 
associated with increased childhood obesity (Jimenez-Pavon, Kelly, & Reilly, 2010; Kelley, 
Kelley, & Pate, 2014).  Initial research suggested that increased screen time contributes 
to increased obesity risk through decreased physical activity (Marshall, Biddle, Gorely, 
Cameron, & Murdey, 2004).  More recent research however suggests that television 
watching may increase food intake rather than affecting sedentary time (Stiglic & Viner, 
2019). 
 
The globalisation of food systems has meant that energy-dense, nutrient-poor foods and 
beverages have become more readily available and are thought to be contributing to the 
increased rates of obesity seen around the world (Roberto et al., 2015).  The recent 
UNICEF report details how in England’s poorest areas, fast-food outlets are five times 
more common than in affluent areas.  Overweight and obesity is twice as high in this 
lower SES population (UNICEF, 2019).  The latest NZ Health and Well Being study showed 
that while only 51.3% of children reported having adequate intake of fruit and vegetables, 
73.3% reported having fast food every week, and 66% had fizzy drink every week 
(Duncanson M et al., 2019).  The most effective means to address this issue will likely 
include changing government policy and regulation regarding food labelling, marketing 
and town planning (Roberto et al., 2015).  Incentives to buy healthy food such as vouchers 
for low income families for fruit and vegetables have also been suggested (UNICEF, 2019). 
 
1.3.2 Environmental Influence 
 
The progressive modernisation into an urbanised and digitalized world has led to less 
physical activity for today’s children.  Children in urban areas are more likely to be driven 
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to school, between activities, and less likely to have large outdoor play areas.  The modern 
digitalized world has led to more screen time as above.  Once overweight, children are 
less likely to engage in group physical activity, increasing the likelihood of becoming 
more overweight in time (WHO, 2018).  This can lead to reluctance to engage in sport 
activities due to comorbidities from the overweight/obesity itself, perpetuating the 
weight gain.  Research has shown that children in urban areas are more likely to be 




There is much debate over whether this is protective for overweight or not.  It appears to 
protect against childhood obesity, but systematic reviews have suggested that the 
associations could be accounted for by confounding (differences in maternal education 
and social status as well as childhood diet) (Robinson & Sutin, 2017)) or publication bias.  
A large randomised trial of breastfeeding promotion intervention by Kramer in the 
PROBIT study found no causal effect on obesity risk including follow-up into adolescence 
(Kramer et al., 2009; Kramer et al., 2007).  Breastfeeding was not thought to be protective 
against childhood obesity (Kramer et al., 2007; Martin et al., 2017; Owen, Martin, 
Whincup, Smith, & Cook, 2005).  Most evidence is observational and performing RCT 






Studies from twins and non-twin siblings suggest that genetics contribute up to 40-70% 
of the inter-individual variation in obesity.  The obese phenotype can run in families, but 
most of the causative genes are unidentified.  Up to 42 genes have been identified, each 
explaining only a small portion of the inter-individual variability in BMI (Manco & 
Dallapiccola, 2012).   
 
Some ethnic groups are more likely to be obese than others.  Black-American children are 
more likely to be obese (Freedman, Khan, Serdula, Ogden, & Dietz, 2006), but at a specific 
BMI white children have higher adiposity than black American children (Sisson et al., 
2009).  In NZ, children of Maori and Pacific Island ethnicity are more likely to be obese, 
and a study in 2016 NZ found increases in comorbidity prevalence for children of Maori 
ethnicity (Anderson et al., 2016).  The Early life Factors Study in NZ revealed an increased 
rate of early life risk factors for obesity in infants of Maori and Pacific Island ethnicity.  
This included the fact they are twice as likely to have a mother who is obese (Howe et al., 
2015).  This highlights the importance of early intervention. 
 
Although genetics may not explain the recent rise in obesity, it may explain why some 
individuals are more susceptible, and why some ethnic groups are more at risk, and so 








The environment a child is conceived in, born and raised in can contribute to childhood 
obesity.  In-utero factors can cause changes to adiposity.  Proposed mechanisms include 
DNA methylation or histone modification of DNA inside gene regulatory regions.  This 
may be influenced by factors such as maternal intake of vitamin B12, folate and 
methionine during pregnancy, which can affect methylation in the developing fetus 
(Campion, Milagro, & Martinez, 2009). 
 
Gestational diabetes of the mother during pregnancy can affect the growth of the 
developing fetus, leading to increased birth weight which has been shown to be 
associated with an increased risk of developing later childhood obesity (Dabelea, 2007).  
Conversely those born small for gestational age (below the 10th centile) can show rapid 
weight gain in infancy which can also increase the risk of developing later obesity (Zheng 
et al., 2018). 
 
Maternal obesity can also affect the later growth of a child.  Studies comparing offspring 
of babies born to mothers both before and after bariatric surgery show an increased risk 
of obesity for siblings born when mothers were very obese (Kral et al., 2006).  Lesser 
extremes of obesity have not demonstrated this risk.   
 
An increased risk of obesity has also been seen with early adiposity rebound (R. W. 
Taylor, Grant, Goulding, & Williams, 2005).  Adiposity rebound is defined as the point in 
childhood where you go from having increasing leanness to increasing fatness (around 
4-6years) (Rolland-Cachera et al., 1984).  The fact that most adults who are obese display 
a growth curve consistent with early adiposity rebound, suggests that issues linked with 





Food preferences are established early in life, so choosing healthy foods for young 
children is essential.  High fat, energy dense, high sugar and high salt foods contribute to 




Endocrine issues such as cortisol excess, hypothyroidism, growth hormone deficiency, 
PCOS, or pseudo-hypoparathyroidism may be associated with obesity.  CNS pathology 
such as hypothalamic abnormalities may also be causative. 
 
Leptin is a hormone, first described in 1994.  It is produced from white adipose tissue and 
acts in the hypothalamus to produce satiety.  It also has roles in reproduction and bone 
health.  Leptin has been linked to obesity through resistance (leptin receptor signalling, 
the leptin receptor itself, or the way leptin crosses the blood brain barrier).  Deficiency in 
leptin itself is uncommon, but potentially modifiable (Farooqi & O'Rahilly, 2006; Sabin, 
Kao, Juonala, Baur, & Wake, 2015). 
 
Ghrelin is a hormone secreted by the stomach and duodenum, which acts at the 
hypothalamus and brainstem to signal hunger.  Other peptides secreted by the gut and 
controlling hunger include peptide YY, cocaine-amphetamine related transcript (Challis 
et al., 2002), brain-derived neurotrophic factor (BDNF) (J. Gray et al., 2006), pro-
opiomelanocortin (Krude et al., 1998), and the receptors for melanocortins (Feng et al., 
2005), prohormone convertase 1 (Farooqi et al., 2007) and BDNF (Yeo et al., 2004).  All 







Poor sleep has been associated with many health conditions, including obesity.  Short 
sleep duration has been shown to be associated with increased risk of childhood obesity 
(Al Mamun et al., 2007).  The FLAME study 2011, University of Otago, examined 244 
children, and revealed that for each hour of extra sleep (ages 3-5years), there is a 
decrease in BMI of 0.48.  The risks extended until age 7yrs, with a reduced BMI of 0.39 
with each hour of sleep (Carter, Taylor, Williams, & Taylor, 2011).   
 
These risks appear potentially modifiable.  The POI study Dunedin NZ examined 802 
pregnant women in a community-based randomized controlled trial.  The women were 
allocated to groups of control, sleep intervention or food and activity intervention.  At 2 
years, a protective effect for those receiving the sleep intervention was found against 
childhood obesity.  No effect was seen for the food and activity intervention (B. J. Taylor 
et al., 2017).  At five year follow-up the sleep intervention group continued to have lower 
BMI scores (R. W. Taylor et al., 2018). 
 
1.3.8 Gut Flora 
 
Composition of early life microbiome has been associated with obesity (Stiemsma & 
Michels, 2018). Infants with high Streptococcus levels in their gut microbiome at 6 
months of age have been found to have higher adiposity at 18 months of age (Dogra et al., 
2015).  Antibiotics are known to impair the development of the microbiota if delivered 
anywhere from antenatal to 12 months postnatal, and new animal models have found 
that antibiotic administration in early life results in increases in adiposity (Cho et al., 
2012; Stiemsma & Michels, 2018).  This link in humans is still being investigated.  A recent 
systematic review of gut microbiome in obesity revealed obesity is likely associated with 
altered gut microbiome profiles, but results regarding the details are still inconsistent in 




1.3.9  Summary 
 
For many years obesity has been considered to be due to poor diet and lack of exercise.  
Individuals have been identified as obese and treatments targeted individually.  Research 
over the last decades has helped us to understand that factors underlying this disorder 
are much more complex including genetic, environmental, endocrine, sleep and other 
possible contributing medical issues.   
 
This has important implications when looking at targeting interventions.  It allows us to 
target interventions to those most at risk, to modify environments, change policies, 





1.4 Consequences of Childhood Obesity 
Childhood obesity can affect almost every body system, as well as quality of life.  This 
section looks at literature regarding the consequences of childhood obesity, both in the 
short and long term.   
 
 
Figure 3 Summary of Complications associated with childhood obesity 
Image taken from Clinical Guidelines for Weight Management in New Zealand Children and Young People, Ministry of Health 
2016: Open Access 
 




Short term effects noted from childhood obesity include increased levels of inflammatory 
cytokines with children with tri ponderal index (TPI) in the top fifth having CRP levels 
270% higher than children with TPI in the bottom fifth (Cook et al., 2000). The relative 
risk of new onset asthma was found to be higher in children with obesity RR 1.60 (95% 
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CI 1.08 - 2.36) (Gilliland et al., 2003).  Obesity is associated with both low levels of vitamin 
D, OR 1.08(95% CI 1.04 – 1.13, P < 0.001) and iron, OR 2.3 (95% CI 1.4 - 3.9) (Nead, 
Halterman, Kaczorowski, Auinger, & Weitzman, 2004; Yanoff et al., 2006).  A higher BMI 
has also been shown to be associated with early breast development, OR 3.86, pubarche, 
OR 4.50 and menarche, OR 3.93 in girls (Rosenfield, Lipton, & Drum, 2009).  There have 
also been reports of non-alcoholic fatty liver disease and steato-hepatitis in children with 
obesity (Rashid & Roberts, 2000).  There is also a financial burden with individuals with 
obesity having medical costs about 30% higher than those with normal weight (Bleich et 





Cardiovascular effects include significant adverse levels of blood pressure (mean systolic 
116.9 when BMI >85th centile compared to 108.1 when BMI <85th centile P<.05).  Levels 
of lipoproteins are also significantly raised (Morrison, Sprecher, Barton, Waclawiw, & 
Daniels, 1999; Muntner, He, Cutler, Wildman, & Whelton, 2004), insulin resistance, hyper-
insulinaemia and pre-diabetes (Invitti, Guzzaloni, Gilardini, Morabito, & Viberti, 2003; 
Kim & Caprio, 2011; Sinha et al., 2002).  Changes in vascular function and structure have 
been found in association with childhood obesity, including endothelial dysfunction 
(Meyer, Kundt, Steiner, Schuff-Werner, & Kienast, 2006; Pena et al., 2006) and worsening 
arterial stiffening (Shah et al., 2015).  Obesity has been linked with early atherosclerosis 
in the aorta and carotid arteries of adolescents and young adults (McMahan et al., 2006) 
 
1.4.1.3 Musculoskeletal problems 
 
Overweight and obese youth are known to have higher rates of knee pain, fractures, 
impaired mobility as well as lower limb malalignment (Kelly et al., 2013).  They also suffer 
higher rates of bilateral slipped capital femoral epiphysis (Bhatia, Pirpiris, & Otsuka, 
2006) and Blount disease, with each whole number increase in BMI increasing the 




1.4.1.4 Psychosocial Problems 
 
Children with obesity have been found to have lower self-esteem, lower quality of life, 
and are more likely to be bullied or teased (Griffiths, Parsons, & Hill, 2010; van Geel, 
Vedder, & Tanilon, 2014) and suffer social isolation (Pulgaron, 2013).  There are higher 
rates of disordered eating, with binge-eating disorder found in 8-18% of obese children 
(Kelly et al., 2013).  There is associated stigmatisation/negative stereotypes, including 
that they are less intelligent, lazy or socially inadequate compared to slimmer associates 
(Germann, Kirschenbaum, & Rich, 2007; Pulgaron, 2013) 
 
1.4.2 Long Term Risks 
 
Child obesity is associated with adult obesity and its comorbidities (Anderson et al., 2015; 
Park, Falconer, Viner, & Kinra, 2012).  The Bogalusa longitudinal study performed 
between 1973-1996 on 11411 children found that 83% of obese pre-school children will 
continue to be obese as an adult (Freedman, Khan, et al., 2005).  By adolescence, 87% of 
teenagers could be expected to remained obese as adults, compared to their normal 
weight counterparts, who had a rate of adult obesity of only 5% (Freedman, Khan, et al., 
2005).  The associations are stronger the more overweight a child is (Freedman, Mei, 
Srinivasan, Berenson, & Dietz, 2007).  These findings were replicated in subsequent 
studies.  Whitaker et al found that if obese in childhood, adulthood obesity risk ranges 
from 8% in 1-2 year olds to 79% in 10-14 year olds with an obese parent.  Once adjusted 
for parental obesity odds ratios for obesity in adulthood remained high, ranging from 1.3 
(95% CI 0.6 – 3.0) at 1-2 years to 17.5 (95% CI 7.7 – 39.5) at 15-17 years.  The odds ratio 
associated with having an obese parent ranged from 2.2 (95% CI 1.1 – 4.3) at 15 to 17 
years of age to 3.2 (95% CI 1.8 – 5.7) at 1-2 years of age (Whitaker, Wright, Pepe, Seidel, 
& Dietz, 1997) 
 
In the long term childhood obesity has been associated with premature mortality.  A 
systematic review in 2011 found that 7/8 studies eligible for comparison all found 
significantly increased risk of premature adult mortality associated with childhood 
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obesity (hazard ratios (HRs) ranging 1.4 - 2.9 for overweight/obese compared to healthy 
weight.  The cohorts ranged from 4857 to 1 024 000 children.  The final study, which did 
not show an association, childhood obesity had not been objectively measured, but 
recalled, which may have affected categorisation (Bessonova et al., 2011; Bjorge, 
Engeland, Tverdal, & Smith, 2008; Franks et al., 2010; Reilly & Kelly, 2011).  A study by 
Twig et al 2016, which combined more than 42 million person-years of follow-up, found 
an association between mortality in young adulthood or midlife and the increased BMI in 
late adolescence, with HRs for death from coronary heart disease 1.54 (95% CI 1.46 - 
1.62) for boys and 1.58 (95% CI 1.31 – 1.91) for girls (Twig et al., 2016) for obese group 
(≥95th percentile for BMI), as compared with the reference group (5th to 24th percentiles 
for BMI).  An increased mortality was also seen even when the BMI was elevated within 
the “healthy range” but in the 50th-74th centile. 
 
Diabetes is also increased with an increase in diabetes risk with overweight and obesity 
at age 5 years OR 2.6 (95% CI 1.3 – 5.2) (Al Mamun, Cramb, O'Callaghan, Williams, & 
Najman, 2009; Lawlor, Davey Smith, Clark, & Leon, 2006; K. M. V. Narayan, J. P. Boyle, T. 
J. Thompson, E. W. Gregg, & D. F. Williamson, 2007).  A large National Health Survey in 
the US by Narayan ey al in 2007 (n=780) found that overweight and obesity, especially at 
younger ages, increases risk of diagnosed diabetes (K. M. Narayan, J. P. Boyle, T. J. 
Thompson, E. W. Gregg, & D. F. Williamson, 2007).    
 
The risks for stroke HR 2.41 (95% CI 1.00 – 5.86) (Lawlor et al., 2006),  hypertension, OR 
5.1 (95% CI 1.4–18.1) (Field, Cook, & Gillman, 2005) and coronary heart disease, HR 4.3 
(95% CI 3.1–5.9) (Falkstedt, Hemmingsson, Rasmussen, & Lundberg, 2007) in adulthood 
have all been shown to be increased in association with childhood obesity. 
 
Obesity at age 14 years is associated significantly with later asthma, AOR 1.99 (95% CI 
1.14–3.47) (Xu, Pekkanen, Laitinen, & Jarvelin, 2002).  Childhood obesity is also 
associated with polycystic ovary syndrome as an adult AOR 1.61) (95% CI 1.24–2.08) 
(Laitinen et al., 2003) as well as the risk of cancers.  There is a significant 30% increase 
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(95% CI +10% to +54%) in smoking-related cancers per 1 Sd increase in childhood BMI 





1.5 The Approach to Childhood Obesity 
 
With obesity rates rising steadily around the world, and childhood obesity continuing to 
be a national and global problem, multiple agency and government inputs will be 
required to create services and initiatives to address this.  The WHO has released 
recommendations aimed at providing a holistic approach to ending childhood obesity, 
but efforts so far have not been systematic.  We have not yet identified a simple solution 
for battling obesity, but do know that obesity is multifactorial and will need to be 
addressed through many areas.  What has been shown clearly through the literature is 
that there are two main ways to address this issue through prevention of obesity or 
intervention once it is established.   
 
Prevention is viewed as the best approach universally before excess weight is gained and 
to avoid any effect on health.  If obesity is left to increase in rates, the resultant effect on 
our health systems could be overwhelming and debilitating.  In 2015, only 0.01% of 
development assistance globally was spent on preventing and treating obesity and diet-
related non-communicable diseases (OECD, 2017; UNICEF, 2019).  Low and middle-
income countries are now beginning to deal with the consequences of increasing rates of 
obesity.  Many health care systems will soon find themselves unable to cope with the 
pressures of the comorbidities resulting from this.  Preventative measures will become 
more and more important, in order to prevent the pressures on our health systems.   
 
Intervention is regarded as “ambulance at the bottom of the cliff” policy.  If a person is 
already obese what shall we do about it?  As described above, it is well known that the 
older a child is, the more likely they will stay obese.  Therefore, intervention should be 
targeted as early as possible (Pandita et al., 2016). 
 
New Zealand has guidelines regarding weight management for adults and children.  The 
latest NZ Clinical guidelines for weight management of children and young children 
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provides evidence based guidance (Ministry of Health, 2016b).  This outlines a 4-step 
approach which has been identified as best practice. 
 
Step 1 Monitor Measure and monitor height and weight, BMI, of children 
ideally every 12 months to allow intervention if it is 
trending upwards (with the aim of preventing obesity) 
Step 2 Assess Full history and examination for children with BMI > 98th 
centile 
Step 3 Manage Slow weight gain – “grow into their weight”. Include the 
whānau, FAB: food and drink, activity and behavioural 
strategies 
Step 4 Maintain Long term follow-up and monitoring of growth 
 
This chapter outlines the recommended approach to childhood obesity in New Zealand.  
This is relevant to this thesis as the thesis is evaluating several systems that follow this 
approach, and a good understanding of this approach and its evidence is necessary.   
 
1.5.1 Clinical Measurements of Growth  
 
In New Zealand the measurements of height and weight of children are taken according 
to specific protocols.  These are performed according to the NZ MOH Guidelines (Ministry 





Figure 4 Key Points table from the Ministry of Health Guidelines for Measuring height and weight in children 
Image Open Access – retrieved from the NZ MOH guidelines for measuring and plotting growth 
 
The Well Child / Tamariki Ora Programme Practitioner Handbook (Ministry of Health, 
2014b) provides more detailed information regarding the collection of data.  This 
handbook is used by nurse practitioners collecting measurements as part of the B4SC. 
 
This handbook includes the following information: 
 Take two readings for each measurement 
o The two readings should not vary by more than 0.5cm for height and 0.5kg 
for weight or a third measurement will need to be taken 
 Explanations on communicating with the child 
 Instructions to “Measure children in light day clothing (e.g. shorts or a light skirt 
and a t-shirt or singlet)” 
 




Figure 5  The Frankfort Plane describes the correct positioning of a child’s head during height measurement:  a horizontal line 
from the ear canal to the lower border of the eye socket runs parallel to the base board (Frankfort Plane) 
Image Open Access – From the Well-Child/Tamariki Ora Programme Practitioner Handbook 
 
The importance of the accuracy of these measurements cannot be over-stressed.  If the 
protocols are not adhered to and a child is allowed to, for example, wear their winter coat, 
their BMI may be grossly over-estimated and errors in management made (Hatch et al., 
2019).  
 
In New Zealand measurements are routinely made at Well Child visits (6 visits between 
the age of 8weeks and 4 years) (Ministry of Health, 2014b).  A child should also be 
measured any time they visit a general practitioner or acute care provider. 
 
1.5.2 Clinical Assessment 
 
An important point to make is that following collection of the above anthropometrical 
measurements, if a high BMI is identified, a child needs to be referred for a thorough 
clinical assessment.  It must be remembered that BMI is a screening tool and not 
diagnostic in itself.  The assessment should include a history including diet, exercise and 
screen time, sleep, family history of obesity, a screen for comorbidities, review of BMI 
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trajectory and a physical assessment.  Only then can the health care provider know if the 
child is “over-fat” with health risks and requiring further investigations or not.   
 
1.5.3 Clinical History 
 
1.5.3.1 Medical History 
 
Medical history will include screening for any risk factors for obesity such as age, BMI 
percentile change, medication that may affect weight gain (e.g. Neuropsychiatric 
mediations), symptoms of obesity (snoring, abdominal pain, menstrual irregularities, 
polyuria, thirst, joint pain, isolation, bullying, depression, joint pain) (Barlow, 2007; 
Ministry of Health, 2009).   
 
1.5.3.2 Family History 
 
Family history should be assessed for significant factors such as family history of obesity, 
type 2 diabetes, increased cholesterol or hypertension, premature cardiovascular disease 
(age <55yrs) or genetic syndromes (Barlow, 2007; Ministry of Health, 2009; NICE, 2006).  
Studies suggest that a family history of one obese parent increases the odds ratio to 
approximately 3 for obesity in adulthood and when a child has two obese parents, the 
odds ratio increases to more than 10.  Parental obesity is a greater predictor of obesity in 
adulthood than the child's weight status, before the age of 3 years (NICE, 2006). 
 
1.5.3.3 Behaviour Assessment 
 
Both dietary and physical activities that may result in an energy imbalance must be 





Dietary assessment should include behaviours such as eating out, sugar-sweetened 
beverages, breakfast consumption, fruit and vegetable consumption and number of meals 
and snacks consumed in a day.  Physical activity assessment should include history or 
amounts of vigorous activity, sedentary behaviours including hours of television use etc. 
 
1.5.4 Physical Examination 
 
Physical examination aims to identify either comorbidities associated with being 
overweight/obese, or signs of illness/syndromes that may have led to being 
overweight/obese. 
 
An assessment of waist circumference is helpful in assessing if fat distribution is central, 
peripheral or both.  A waist circumference measurement is performed by placing a 
measuring tape at a midway point between the lower margin of the last palpable rib, and 
the top of the iliac crest.  The placement of the measuring tape should be snug.  A WHtR 
ratio of greater than 0.5 is associated with metabolic syndrome in children and suggests 
further evaluation and monitoring is warranted (Cancelier L, Trevisol D, & F, 2018). 
 
Comorbidities may include checking a blood pressure screening for hypertension, should 
look at gait, flat feet and any concerns regarding knees or hips, to suggest Blount’s disease 
or slipped capital femoral epiphysis.  Acanthosis nigricans may suggest insulin resistance.  
The liver should also be assessed for hepatomegaly in the case of liver disease. 
 
Physical examination should look for “moon facies”, striae and “buffalo hump”, all signs 
of Cushing’s syndrome, poor linear growth, or signs of premature puberty, all of which 
may suggest an endocrine cause for obesity.  Syndromic causes may be suggested by 




1.5.5 What investigations should be performed?  
 
The Clinical Guidelines for Weight Management in New Zealand Children and Young 
People 2016 suggest that most children are unlikely to need further investigation.  A child 
needs further investigation only when BMI is >85th centile and has current health risks, 
or has BMI >95th centile.  These investigations will include (on top of thorough history 
and examination) fasting lipid profile, fasting glucose and overnight sleep study using 
pulse oximetry if needed (Ministry of Health, 2009).  
 
The Expert committee recommendations regarding the prevention, assessment, and 
treatment of child and adolescent overweight and obesity written by the American 
Academy of Paediatrics however, recommend that any child with a BMI percentage over 
the 85th percentile should have a lipid panel blood test.  If there are any risk factors 
present, then a blood glucose, ALT and AST should also be performed every 2 years, for 
children over 10years of age (Barlow, 2007).  For a child with a BMI percentage ≥95th 
percentile the glucose, ALT and AST should be performed every 2 years starting at 10 
years, regardless of risk factors.  This is because a thorough history and medical 
examination are unable to fully screen for NAFLD, type 2 diabetes and high cholesterol 
levels (Barlow, 2007).  NB ALT or AST levels above 60 U/L on 2 occasions suggest the 
need for further investigation such as hepatic USS and referral to specialist care. 
 
The more recent Endocrine Society Clinical Practice Guideline suggests a more thorough 
approach, with diabetes screening, lipids and LFT’s for all children who have a BMI in 
either the overweight or obese range (Styne et al., 2017). 
 
Of note, hypothyroidism is frequently listed as a concern by parents, but rarely causes 
severe obesity.  Signs and symptoms would include cessation of linear growth, goitre, 
fatigue and poor academic performance.  Thyroid function tests for high BMI are rarely 






Presentation to healthcare presents an important opportunity for growth monitoring and 
identification of abnormal trends or obesity.  The importance of   these opportunities, as 
well as making sure these measurements are accurate must be highlighted.  It should also 
be emphasised that as BMI is not diagnostic, a thorough history and examination must 
follow to identify any medical causes, any comorbidities that need treating and identify 





1.6 Prevention of Childhood Obesity 
 
Prevention strategies are usually aimed at the whole population, with the aim to prevent 
obesity from happening.  They start from preconception to adults, from individual to 
society.  Prevention can be performed at individual, household, school, community and 
healthcare levels.  This chapter aims to review the research regarding prevention 
strategies.  Although the studies in this thesis focus on intervention strategies for children 
already identified as obese, as prevention is considered gold standard, having an 




At an individual level, interventions often target carers, rather than children.  Differences 
in early life are linked to a lifelong predisposition to weight gain, and effective strategies 
may need to be focused here – even before conception (Robinson & Sutin, 2017).  So far 
however there have been a lack of trials focussing on obesity prevention efforts in the 
pre-conception period (Robinson & Sutin, 2017). 
 
1.6.1.1 Maternal obesity  
 
Increased risk of obesity from maternal obesity has been demonstrated from as young as 
3yrs of age, with the risk increasing with age (Robinson & Sutin, 2017).  This is likely 
partly due to shared environments and patterns in behaviour or dietary patterns.  Other 
research has shown that some influence occurs outside of this.  It was previously assumed 
that both parents contribute equally to BMI, but a new study by Murrin et al shows a 
greater maternal contribution, suggesting an environmental influence (Murrin, Kelly, 
Tremblay, & Kelleher, 2012).  Studies of obese women before and after bariatric surgery 
show decreased rates of obesity as well as improved cardio-metabolic risks in those 
babies born to mothers with lower adiposity (Guenard et al., 2013; Kral et al., 2006).  This 
leaves the opportunity to intervene through decreasing maternal obesity rates.  There is 
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current concern regarding the rates of overweight and obesity in women of child-bearing 
age, and this is a possible area to target for prevention efforts. 
1.6.1.2 Gestational Weight Gain 
 
The optimal amount of gestational weight gain for a mother is unknown, but excess 
gestational weight gain has been shown to be associated with childhood obesity 
(Robinson & Sutin, 2017), independent of pre-pregnancy weight (Godfrey et al., 2017).  A 
recent Cochrane review in 2015 found that interventions to change diet, exercise or both 
combined are effective at reducing the risk of excess gestational weight gain by 20% 




As mentioned above the association of breastfeeding has not yet been clarified, but one 
would assume that if a causal link exists, then interventions to promote breastfeeding 
should result in improvements in childhood obesity rates.  A recent review by Giugliani 
et al 2015 found that breastfeeding promotion interventions led to modest 
improvements in BMI (Giugliani, Horta, de Mola, Lisboa, & Victora, 2015), echoing the 
results found in an earlier review by Owen et al (Owen et al., 2005).  The study by 
Giugliani however showed substantial heterogeneity in the studies, meaning the studies 
should be interpreted with caution.  The studies in the review by Owen were largely 
observational not experimental studies.  Likely confounders included deprivation, 
maternal obesity and birth weight.  When a subset with confounders were removed, no 
association with BMI was seen.  So breastfeeding does not appear to be protective for 
obesity, studies still suffer from poor quality and it is difficult to perform high quality 
experimental studies in this population to put this question to rest. 
 
1.6.2 Household/family level 
 
Interventions at this level are based around education and support for the entire whānau 
around providing healthy food, portion sizes, less sugary drinks, increased physical 
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activity, decreased sedentary activities and decreased screen time.  This can be provided 
in the home or in a community setting, as a single intervention or as part of a programme. 
 
Two recent systematic reviews suggested current evidence for these interventions is low 
due to a lack of studies in this area.  Bleich et al 2018 performed a systematic review of 
56 community interventions, only two studies exclusively in the home, both with null 
results (Bleich et al., 2018).  Showell et al 2013 performed a systematic review of home 
based interventions, and found 6 studies only.  They found the strength of the evidence 
to support the effectiveness of the home-based interventions to be low (Showell et al., 
2013). 
 
1.6.3 Whole of school 
 
Most trials have taken place here as it is an easy catchment area for children, who spend 
half of their awake hours, and consume one of their three meals, in the school setting.  
Most focus is on changing the caloric content of the school meals or increasing the 
physical activity.  Studies include policies such as removing vending machines from 
schools as they include energy dense foods, or having water only in drink bottles. 
 
Moderate evidence supports school based interventions being effective (Bleich et al., 
2018; Brown et al., 2016; Ezzati et al., 2017; Ickes, McMullen, Haider, & Sharma, 2014; 
Oosterhoff, Joore, & Ferreira, 2016; Wang et al., 2015). A recent systematic review of 
school based interventions found most school-based randomised controlled trials to 
show positive or mixed results, with change in BMI between intervention and control 
groups ranging from –0·33 kg/m² to 0·05 kg/m².  Follow-up periods ranged from 6 
months to 6 years. Multi-setting (i.e. inclusion of home setting intervention) and 
multicomponent (e.g. combined intervention including diet and physical activity) 
interventions are most effective (Bleich et al., 2018).  There was a wide variety of 
intensity of interventions, making recommendations around interventions and their 
duration difficult, but a recent meta-analysis of randomised trials found interventions of 
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greater than a year’s duration to be more effective (Sobol-Goldberg, Rabinowitz, & Gross, 
2013). 
It was suggested that girls may respond to educational elements based on social learning.  
In contrast boys may be more likely to respond to structural or environmental changes 
facilitating increased physical activity and dietary changes (Khambalia, Dickinson, Hardy, 
Gill, & Baur, 2012). 
 
In the pre-school/child-care setting there are a much smaller number of studies and the 
evidence is weak as to whether intervention in this age group is effective (Bleich et al., 
2018; Hesketh & Campbell, 2010).  Research here is limited by low numbers of studies, 
programs not including parental involvement to back-up the program objectives, and 
variable study design. 
 
1.6.4 Community based 
 
Children have little or no control over the community in which they live.  The emergence 
of the obesogenic environment however means that there are many opportunities for 
interventions at a community or governmental level to alter our children’s health.  These 
however require political will as well as community support.  Possible strategies 
identified include regulation of marketing of unhealthy foods, taxing unhealthy foods, 
improved food labelling, better access to better-priced fruits and vegetables, or changing 
urban infrastructure to promote activity. 
 
The food environment is a particular area of focus for intervention.  The Healthy Food 
Environment Policy Index (Food-EPI) was established in 2013 to monitor 
implementation of recommended food environment policies by governments compared 
to international best practices.  It incorporates 40 best practice indicators and has been 
implemented by 11 different countries.  New Zealand showed some improvement 
between 2014 and 2017, but many areas where improvements could be made, especially 
in food environment policy compliance, receiving a low overall Food-EPI score.  None of 
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the countries gained a high Food-EPI score.  Many countries governments focussed on 
one or two policies such as food labelling, restricting advertising (Vandevijvere et al., 
2019). 
 
1.6.5 Community Engagement 
 
In order to maximise whole-of-community prevention interventions, broad community 
engagement has been shown to be effective in improving outcomes (Korn et al., 2018; 
Wolfenden et al., 2014).  This often combines community leaders, parents, educators, 
health carers and researchers who push for policies that promote child health (Kasman 
et al., 2019).  Interventions can be designed to fit the communities demographic, cultural, 
organisational and geographic requirements, making the programme more desirable 
(World Health Organistation, 2012).  Impacts can be seen in settings such as schools, 
childcare, healthcare and local government, and can have downstream effects on 




Good quality evidence regarding the most effective means of prevention of obesity in 
children is rare – most studies have insufficient follow-up or small sample sizes.  
Currently there is evidence to suggest that combined diet and exercise interventions in 
the school setting are likely effective if combined diet and exercise components are used, 
and a home element is utilised to back up the educational efforts.  Most studies have been 
performed in high/middle income countries.  There is a need to extend the research into 
the community further, into the preschool area in particular, as we know that prevention 
efforts need to be targeted as early as possible.  Ensuring engagement in interventions is 






1.7 Interventions for Childhood Obesity 
 
If prevention efforts have failed and a child is found to be obese, then services should be 
available to address this issue.  Care should be taken to ensure that these services are 
effective in benefitting the child, so that resources are not wasted.  This section of the 
thesis focusses on reviewing the literature regarding intervention for obese children.   
The Kids BMI study in this thesis looks directly at this topic, and understanding the 
current research is vital. 
 
Traditionally a standard model of care has included medical review to identify 
comorbidities (as outlined above), referral to a community dietician for advice in healthy 
eating and portion sizes, and follow-up of growth. 
 
Research over more recent years has followed interventions/programs that have been 
utilised.  Behavioural obesity interventions have been based upon the assumption that 
physical activity and eating are the main mediators of body weight, and they can be 
modified by changing the environmental cues and resultant actions (Wadden & 
Berkowitz, 2016).   
 
The NZ Clinical Guidelines, WHO, AAP and NICE guidelines all recommend a FAB (food, 
activity and behavioural strategies) approach for initial management of childhood 
obesity.  This incorporates healthy diet, increased physical activity/less sedentary 
activity as well as sufficient sleep, and behavioural strategies.  
 
The latest systematic reviews have all found that this behavioural family lifestyle 
approach results in decreased weight for children and adolescents compared to standard 
care both in the short and long term (Ho et al., 2012; Janicke et al., 2014; Oude Luttikhuis 
et al., 2009; Whitlock, O'Connor, Williams, Beil, & Lutz, 2010; Young, Northern, Lister, 
Drummond, & O'Brien, 2007).   Changes in BMI Z-scores in these reviews ranged 
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from -0.06 to -0.47, with only one showing maintenance of this at follow-up at twelve 
months in older children (12 years and older).  The study by Ho et al also looked at 
secondary cardio-metabolic outcomes to assess clinical impact and found improvements 
in cholesterol, triglycerides and fasting insulin levels following intervention, but no 
improvements in blood pressure or HDL measurements (Ho et al., 2012).  The changes in 
BMI Z-score although statistically significant in these studies, may not be clinically 
significant, as changes of ≥0.5 BMI SDS are needed to see improvements in body 
composition and cardio-metabolic health (Ford, Hunt, Cooper, & Shield, 2010).  Before 
implementing these interventions into a public health system, (where resources are often 
lower than a research setting and results can be even poorer) this should be considered. 
 
Dietary changes tend to focus on decreasing high fat/calorie foods and increase the 
consumption of fruits and vegetables (Epstein, 1996).  Portion control is also taught.  No 
particular diet pattern has evidence to be more effective than another (e.g. low 
carbohydrate, low sugar, increased protein) (Ajala, English, & Pinkney, 2013; Gow et al., 
2014). 
Activity education includes increasing duration and intensity of physical activity.  Meta-
analyses support including activity in the management of overweight and obesity of 
children (Ho et al., 2013; Kelley et al., 2014; Schranz, Tomkinson, & Olds, 2013).  The 
latest research including several meta-analyses also suggest benefit of interventions 
aimed at decreasing sedentary time (mainly TV or screen time) giving a reduction in BMI 
(Biddle, O'Connell, & Braithwaite, 2011; Liao, Liao, Durand, & Dunton, 2014; van Grieken, 
Ezendam, Paulis, van der Wouden, & Raat, 2012; Wahi, Parkin, Beyene, Uleryk, & Birken, 
2011). 
 
Behavioural strategies are used to help reinforce the healthier lifestyle strategies, acquire 
new habits, and therefore maintain weight over the long term.  These include such 
strategies as goal setting; parental modelling; monitoring; stimulus control; child 
behaviour management strategies, positive reinforcement, social support, cognitive 





Intervention strategies for children have been the subject of much research over the last 
decade.  There has been limited success in regards to improvements in BMI, with no 
sustained improvements and no clinically significant improvements in BMI recorded.  
Studies in pre-school children are more limited than older children.  The Kids BMI study 






1.8 New Zealand Strategies 
As this thesis focusses around reviewing obesity management in New Zealand it is 
important to understand the New Zealand Health Strategy and what studies have 
previously been performed in New Zealand.  The following chapter outlines the New 
Zealand Childhood Obesity Plan, as well as recent studies performed in childhood obesity 
in New Zealand.  This was done to ensure a good knowledge of the research in our area, 
and ensure no duplication of research in our population, looking for obvious gaps. 
 
1.8.1 Childhood Obesity Plan 
 
In 2015 New Zealand adopted the Childhood Obesity Plan for preventing and managing 
obesity in young people.  It has three focus areas and 22 initiatives focusing on the 
environment, food and being active.  It focuses on all life stages, starting at pregnancy.  
Initiatives cross whānau, schools, the private sector, communities and government 
agencies (see Figure 6). 
The three focus areas are: 
1. Targeted interventions for those who are obese 
2. Increased support for those at risk of becoming obese 




Figure 6 The New Zealand Childhood Obesity Plan 2015  




1.8.2 Before School Check (B4SC) Referrals  
 
As part of its new Childhood Obesity Plan, the New Zealand Government have initiated a 
new Childhood Obesity Health Target – Before School Check (B4SC) Referrals.   
 
At the age of four years all children attend a health and developmental screening 
programme – B4SC.  Here any child with a BMI in the obese range should be identified 
and offered referral to primary health care where they will receive a health assessment 
and be offered intervention.  The family can chose whether to accept this offer of support 
or decline any intervention at this time. 
 
This programme was implemented fully by December 2017 when 95% of four year old 
children with obesity were aimed to have been referred for intervention.   
 
1.8.2.1 Interventions available for the B4SC Referrals 
 
Throughout the South Island of New Zealand there are a number of different providers 
available for intervention programs. 
 
Green Prescription Active Families 
This is a program offered in Invercargill, Dunedin and Christchurch which offers group 
activity/support sessions, and aims to give information around health, wellbeing, activity 
and diet.  The child stays active with the group until their aims are met or the family 
leaves.  Previous research regarding this program in NZ was performed in Taranaki in 
2007-2009 reviewing program reach and engagement.  They discovered that 55% of 
participants completed the program, but completion was less likely for children of Maori 





Triple P is a program previously offered in Christchurch.  It aims to manage children’s 
weight through gradual and permanent changes in the family’s lifestyle.  The program 
consists of ten 90 min group sessions and four phone support calls, given over a 6 month 
period.  This program has been tested in an RCT in Australia which showed 
improvements in weight, behaviour, increased parental confidence and parenting skills 
(West, Sanders, Cleghorn, & Davies, 2010).  Lack of engagement and participation has led 
to the discontinuation of this programme. 
 
MEND 
MEND (Mind, Exercise, Nutrition, Do it!), is a program offered in Nelson.  The program is 
aimed at families with children aged 5-7 and 7-13 who are above a healthy weight.  It 
aims to help them become healthier through twice-weekly sessions focused on healthy 
meal planning, goal setting, and physical activity.  This program has been evaluated in 
Australia through an RCT and found diet improvements post-intervention.  This was not 




The West Coast will be offering no specific community intervention aimed at children.  
Their DHB however have rolled out a social media support structure for overweight 
adults with the thought that this will also affect overweight children in these families.  
Other children can be referred for review by a community dietician, who will focus solely 





1.8.3 Previous studies performed in New Zealand 
 
1.8.3.1 School Based Programmes 
 
Project Energize 
Perhaps NZs most successful program to date for childhood obesity is Project Energize.  
This is a school-based physical activity and nutrition project. It was initiated in 2003.  
There are nine healthy eating goals and seven physical activity goals.  Healthy eating 
components included encouragement of water drinking, high calcium foods, fruit and 
vegetables as well as encouraging healthier food brought from home.  It also aimed to 
improve healthy choices at school, increase awareness for importance of breakfast, 
promote the National Foundation School Food Programme and improve consistent 
messaging in the school and community.  The physical activity components included 
encouraging daily physical activity including ‘home play’, reducing sedentary play 
especially screen time, raising awareness of movement and its importance, as well as 
raising the awareness of “Active Schools”.  These components were delivered through a 
trained Physical activity and nutrition change agent labelled an “Energizer” who worked 
in the school. 
A quasi-randomised controlled trial was run between 2004-2006 and showed decreases 
in body fat and systolic blood pressure, and increases in vitamin D levels.  Further 
evaluation in 2011 showed improved BMI (decreased by 3%) and run speed outcomes.  
Cost effectiveness analysis suggested the program would improve quality and length of 
life, compared to other similar programs.  The program was initiated in 62 schools, and 
has expanded to include all 242 schools in the Waikato area (44,000 children), as well as 
70 schools in other regions.  In total Project Energize is now servicing 53,373 children (E. 
Rush et al., 2016).    
 
The program has now been running for over ten years and has enjoyed successful 
implementation into the New Zealand community.  Features that have been important for 
this are its sensitivity to inequity and cultural diversity.  Using features such as translating 
resources into Te Reo, considering the Māori culture and incorporating Māori games and 
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activities in all methods of delivery.  High levels of evaluation throughout the program 
have also meant that there is continuous feedback regarding possible improvements in 
the program, allowing individual school’s needs to be met (E. Rush et al., 2016).   
 
APPLE Project 
The APPLE project used nutrition educators in seven schools to deliver additional 
physical and nutritional education.  This led to a significant reduction in the rate of excess 
weight gain in primary school children with a reduction in BMI z-score at 2yrs of 0.26 
compared to controls, as well as decreases in waist circumference and systolic BP (R. W. 
Taylor et al., 2007).  Interventions included nutritional education (focussing on reducing 
sweet drinks and increasing fruit and vegetables) and activity coordinators who focussed 
on non-curricular activities.  The reductions in BMI were maintained at four year follow-
up (R. W. Taylor, McAuley, et al., 2008). 
 
1.8.3.2 Programmes aimed at adolescents 
 
The OPIC trial 
The OPIC trial was part of the Pacific Obesity Prevention in Communities project.  This 
was a project targeting obesity in pacific adolescents in NZ, Fiji, Tonga and Australia.  The 
study was run between 2004 – 2009.  It was a school-based, whole of community 
intervention (Uauy, Corvalan, & Kain, 2011). 
 
The New Zealand arm was conducted in South Auckland, called Living 4 Life.  The 
program was youth led, and conducted in low socioeconomic communities where there 
was a pacific island ethnicity rate in the schools of 59%.  Evaluation showed that while 
the intervention showed improved student perceptions of health and healthy eating 
behaviours, there was no change in obesity prevalence in the involved schools.  It was 
noted that the intervention did not target the home environment, and also the intensity 




1.8.3.3 Programs aimed at Pre-schoolers 
 
Project Energize 
Project Energize under-fives – after the success of the Project energize programme this 
programme was expanded to the preschool population with the addition of supports put 
into 121 early childhood facilities in the Waikato region in 2013.  The program aimed to 
reduce weight gains and encourage healthy eating.  Evaluation at 3yrs has shown no 
change to obesity prevalence, but a decrease in dental decay in the centres involved in 
the program (E. Rush, Obolonkin, Young, Kirk, & Tseng, 2017). 
 
POI NZ 
Prevention of Overweight in Infancy Study NZ is a four-armed RCT assessing the impact 
of education on sleep, food activity and breastfeeding, or both compared to usual care on 
growth in infants.  At two years the food and activity intervention group had no effect on 
growth, but in the sleep intervention group the odds of obesity were halved (B. J. Taylor 
et al., 2017).  At five year follow-up the food and activity group had higher BMI scores 
than controls, while the group that had received sleep intervention continued to have a 
lower BMI score(R. W. Taylor et al., 2018). 
 
1.8.3.4 Community Based Programs 
 
Whānau Pakari 
Whānau Pakari is a multidisciplinary intervention programme offered to obese children 
in Taranaki DHB, New Zealand.  A randomised controlled trial was performed 2012-2014 
involving 203 children randomly assigned to either an intense programme involving 
weekly group sessions as well as 6 monthly home based assessments, or a control group 
including only the 6 monthly home based assessments with advice given during these 
assessments.  Both groups experienced an improvement in BMI SDS (intervention -0.10, 
control -0.12), cardiovascular fitness and quality of life at 12 month follow-up, 
irrespective of intervention.  If participants attended >70% of the intervention sessions 
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in the intense group, BMI SDS improved by -0.22 (Anderson et al., 2017). Economic 
evaluation found costs were significantly lower in both the intense programme and 
control group, compared to conventional hospital care (receiving paediatrician, dietician 
and physical activity/nutrition support through the hospital system).  There were similar 
BMI SDS outcomes in all three groups at 12 months (Kasman et al., 2019). 
 
MINT Study 
The Motivational Interviewing in Treatment (MINT) study was a two year family-based 
intervention for children aged 4-8yr with BMI >85th centile.  Children were offered usual 
care or a tailored package of multidisciplinary sessions monthly for two years.  Results 
showed reduced BMI, improved diet, and greater physical activity (R. W. Taylor, Cox, et 
al., 2015). 
 
Healthy Families Initiative 
A program run by the MOH aiming to encourage health promoting environments through 
good food choices, physical activity, being smoke free and free from alcohol-related harm. 
It is aimed to be rolled out nationwide, but initially ten communities have been chosen 
due to their higher levels of deprivation and higher levels of risk factors for preventable 
chronic diseases (Massey University Evaluation Team, 2017). 
 
1.8.3.5 Multidisciplinary vs Standard model of care 
 
A study by Anderson et al in 2015 examined whether the multi-disciplinary approach was 
successful in the New Zealand population.  It compared follow-up of 290 obese children 
when they were seen by either a Paediatrician, a Paediatrician as well as a dietician, or 
using a multidisciplinary approach (Active Families).  They noted that available services 
for multidisciplinary intervention are limited. The study found that there was a 
significant BMI SDS reduction in all participants, irrespective of intervention.  The older 
the child, the lower the reduction in BMI SDS over time, highlighting the need for early 
intervention in childhood obesity.  There was no difference in results between males and 
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females.  Children of Māori and Pacific Island ethnicity had higher BMI SDS on entry.  
Multidisciplinary intervention was more likely to be offered to older children (who were 
less likely to respond to treatment) and children of Māori and Pacific Island ethnicity 




New Zealand has developed a comprehensive strategy at a Governmental level to tackle 
the growing issue of childhood obesity.  There has been a growing body of research 
performed in our own communities regarding the effect of interventions on our own 
population but holes still exist.  As we know that interventions should be aimed as early 
as possible, we should be aiming these at our youngest children.  Further evaluation 
therefore needs to be aimed at our youngest children, to ensure we are delivering 
evidence based early interventions and that they are effective.  This was done in this 
thesis in the B4SC referrals study, looking at intervention in 4yr old children. 
 
Our population is unique with high numbers of Māori and Pacific Island children, who are 
also at higher risk of obesity.  Current research is sparse regarding the best way to target 
services to this population, especially in the youngest children.  Current research suggest 
that this population may not currently be responding to available services, and further 
research is needed to assess how services can be targeted correctly.  The studies in this 





1.9 Communication in Obesity 
Two of the studies in this thesis involve situations where caregivers are being informed 
that their child has a high BMI.  In order to provide health information to children and 
parents regarding weight issues, conversations need to be held between health providers 
and whānau outlining concerns, findings and objectives.  Unfortunately there are many 
barriers to these discussions being held as they are seen as uncomfortable for a variety 
of reasons.   
 
1.9.1 Do Parents know their children are obese 
 
As has been highlighted, it is important to intervene early for childhood obesity, when the 
likelihood of remaining obese into adulthood is lower.  The literature however, indicates 
that only up to 50% of parents will be aware that their child has an issue with their 
growth.  A study in Dunedin by Taylor et al of 271 children between the ages of 4-8yrs 
looked at children identified as overweight in a screening programme, and surveyed their 
parents.  Only 42% of parents correctly identified their children as overweight, and 36% 
had any concerns regarding their growth.  A greater motivation to change growth was 
seen for female children (R. W. Taylor, Williams, Dawson, Haszard, & Brown, 2015).  An 
Australian study of parents of 2863 obese children found that only 42% reported 
concerns regarding their health (Wake, Salmon, Waters, Wright, & Hesketh, 2002).  In the 
pre-school age group identification rates may be even lower.  A study in America, 
surveying the parents of 3153 2-5yr children found up to 95% of parents of overweight 
children thought their child’s weight was normal while up to 78% of parents with a child 
in the obese range thought their child’s weight was normal (D. T. Duncan, Hansen, Wang, 
Yan, & Zhang, 2015).  This echoes the results of a UK study in 2005 which found that only 
2% of parents correctly identified their 3-5yr olds as obese, and 17% as overweight 
(Carnell, Edwards, Croker, Boniface, & Wardle, 2005).  The New Zealand Health Survey 
2015 found that 86% of parents with an overweight child thought their child had a 
normal weight, and 56% of parents with an obese child thought their child had a normal 
weight.  Only 3% of parents correctly identified their child as obese.  Parents of 2-4 year 
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old were less likely to believe their child had an issue with their weight, with 88% 
believing their obese child to have a normal weight (Ministry of Health, 2015c). 
 
1.9.2 Do we have these conversations 
 
It is a health practitioner’s role to identify and manage childhood obesity as part of 
holistic health care.  Even if the child presented with a completely different illness, if the 
high BMI is not addressed, then many childhood illness will not be properly resolved 
unless their growth is also addressed.  However, research suggests that many health 
professionals often fail to address this issue in clinical practice.  Several American studies 
found rates of diagnosis of childhood obesity in a clinical setting anywhere between 18-
54% (Barlow et al., 2002; Benson et al., 2009; Brady et al., 2016; Dorsey et al., 2005; 
O'Brien et al., 2004; Patel et al., 2010), while an Australian study found one in 58 children 
had obesity addressed (Cretikos et al., 2008).  Another found one third received a diagnosis 
of obesity (M. Campbell et al., 2013).  In a 2006 NZ study, recommended guidelines were 
used by only 6% of clinicians for assessment of children who are overweight (McClintock 
& Hedge, 2009). 
 
It is recognised that there are many barriers in place that may prevent these 
conversations taking place.  Demographic factors appear important and in the American 
studies less clinical management was seen in younger children and males, but clinical 
management was more common in black and Hispanic children (Barlow et al., 2002; 
Benson et al., 2009; Brady et al., 2016; Dorsey et al., 2005; O'Brien et al., 2004; Patel et al., 
2010).  Clinicians may be hesitant to discuss weight issues if they feel a parent has 
underestimated a child’s weight, if there are time pressures, if they feel they do not have 
the education to manage the obesity, if there are communication or language barriers 
(Barlow et al., 2002; M. Campbell et al., 2013; McClintock & Hedge, 2009).  There can also 
be significant barriers around stigmatisation.  It is recognised that there is significant 
stigma associated with obesity, and clinicians may not want to bring up this topic in order 
to maintain the patient clinician relationship (Hunger, Major, Blodorn, & Miller, 2015; R. 
Puhl, Peterson, & Luedicke, 2013; R. M. Puhl & Heuer, 2010; Robinson & Sutin, 2017).  
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There is also literature regarding clinician attitudes regarding interventions.  Many 
clinicians do not feel that any interventions they can offer will be helpful, so make no 
effort (Jelalian, Boergers, Alday, & Frank, 2003; Story et al., 2002; van Gerwen, Franc, 
Rosman, Le Vaillant, & Pelletier-Fleury, 2009).  Another major barrier is the poor 
recognition of obesity.  If obesity is not screened for properly with measurements of 
height and weight, then many children with high BMI are likely to be missed.  Research 
has shown that Paediatricians are poor at recognising children with high BMI visually, 
and accurate recording of weight and height and calculation of BMI is necessary (de Onis, 
2004; Spurrier, Magarey, & Wong, 2006). 
 
1.9.3 What language is appropriate 
 
An RCT in 2014 examined whether parents are able to recall what is explained following 
discussions regarding their child’s high BMI.  This study surveyed 271 families 2 weeks 
following a discussion that was carried out through either best practice or motivational 
interviewing.  Overall only 39% of the information was recalled.  Ninety four percent of 
the parents could recall their child’s weight status, but only 10/271 could recall what that 
weight status meant, its implications, or the advice given (Dawson, Taylor, Williams, 
Taylor, & Brown, 2014) 
 
Decades of research have shown health care workers to display negative stereotypes and 
stigma towards obese patients.  This stigma has many consequences including decreased 
health care utilisation and poorer outcomes with treatment programs (R. Puhl et al., 
2013) which unfortunately decreases the quality of the care for these high risk patients 
even more. 
 
The language used when discussing obesity is central to this issue.  Studies in adults have 
shown that in in the UK, obese patients prefer the term ‘overweight’ rather than ‘fat’ or 
‘obese’ (C. M. Gray et al., 2011).  In America neutral terms such as ‘weight’ or ‘BMI’ were 
preferred to obesity, ‘fatness’ or ‘excess fat’ (Dutton et al., 2010; Volger et al., 2012; 
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Wadden & Didie, 2003).  However in Australia the terms ‘fat’ and ‘overweight’ were 
preferred over ‘obesity’ (S. L. Thomas, Hyde, Karunaratne, Herbert, & Komesaroff, 2008). 
 
These preferences may vary for a variety of reasons.  It is suggested that the term ‘obese’ 
may be seen as confusing or emotionally charged for some, ‘fat’ as pejorative or 
derogatory, although this terms invokes less disgust than ‘obese’ (R. Puhl et al., 2013). 
1.9.4 Is it necessary to have this conversation? 
 
Interestingly, it has always been an assumption of public health measures that in order 
to engage families of children with obesity, the parents need to be aware that their 
children are obese.  We are aware that approximately half of the parents will not be aware 
that their children are overweight, and so will need to receive feedback regarding this.  
But research suggests that parental identification may be associated with increased 
weight gain in childhood (Gerards et al., 2014; Robinson & Sutin, 2017).  Robinson et al 
suggested this phenomenon to be due to the increased stigma, negative body perceptions 




Many parents are likely to be unaware that their children have a high BMI when this is 
brought up by a health professional.  Whether highlighting this to the parents is the best 
thing for the child is an emerging area of research, but currently all best practice 
guidelines recommend doing so.  The resulting conversation needs to be handled with 
sensitivity and individualised, include positive messaging about health, positive body 
image and empowerment, rather than dieting and weight.   
 
Reactions within the New Zealand population are likely to be unique, and this is an area 




1.10 Thesis Objectives 
This thesis aims to gain a further understanding of the prevention and intervention 
methods for childhood obesity in New Zealand.  Efforts in New Zealand are broad-ranging 
and this thesis will focus on certain gaps in the literature. 
 
Presentation to healthcare is an opportunity for growth monitoring.  BMI is a widely 
accepted screening tool for abnormal growth, and the best tool available in the clinical 
setting.  NZ uses modified WHO growth charts to plot and interpret growth, traditionally 
on paper growth charts, but electronic charts promise more efficient growth recording.  
There is sparse research in the literature to suggest whether these will be effective.   
Chapter 2: 
Evaluate growth recording in a clinical setting (SDHB) via an electronic recording 
system in a retrospective cohort analysis  
 
Once the childhood obesity is identified, it is important that the obesity is addressed and 
managed appropriately.  The literature review has detailed that rates of diagnosis tend to 
be low. 
Chapter 3: 
Review the childhood obesity trends, as well as clinical management in a 





Research regarding prevention of childhood obesity suggests good quality evidence is 
rare but there is some evidence for combined programs in the school setting.  Research 
in the preschool setting is certainly lacking.  In regards to interventions, New Zealand has 
a comprehensive strategy to tackle childhood obesity, but evaluation is needed to ensure 
that these services being initiated are effective and reaching the at-risk Maori and Pacific 
Island populations. 
Chapter 4: 
Evaluate the B4SC referrals program (a targeted intervention for childhood 
obesity) by examining its uptake and impacts through a cohort study 
 
Communication with parents about their child’s BMI has been the subject of some 
research, mainly from the clinician perspective.  There is little research regarding the 
parent’s preferences regarding this encounter, and the NZ perspective has not been 
explored. 
Chapter 5: 
Gain insight into the discussions being held regarding childhood obesity during 




2  Paper 1: Introduction and Uptake of Electronic 
Growth Charts in Southern New Zealand 
 
2.1 Preface 
This chapter contains an original manuscript titled “Introduction and Uptake of 
Electronic Growth Charts in Southern New Zealand”.  It was published in the Journal of 
Paediatrics and Child Health in 2019.  Journal of Paediatrics and Child Health 2019 
Apr;55(4):421-427.  Doi: 10.1111/jpc.14217.  Epub 14/09/2018 (Dainty G J, Reith D M, 
Taylor, B J). 
 
As established in chapter one, the recording of growth of children presenting to a child 
health clinical setting are low, and traditionally have been on paper growth charts.  The 
Southern District Health Board introduced Electronic Growth Charts in 2010 to improve 
availability and consistency of growth recording, with the aim of improving growth 
monitoring. 
 
The aim of this study was to evaluate uptake and use of an electronic growth chart system 
for recording growth in a secondary care paediatric unit, in order to establish if growth 




2.2 Introduction and Uptake of Electronic Growth Charts in 
Southern New Zealand 
 
Gloria J Dainty, David M Reith, Barry J Taylor 
 
Department of Women’s and Children’s Health, Dunedin School of Medicine, University of 
Otago, New Zealand 
 
Journal of Paediatrics and Child Health 2019 Apr;55(4):421-427.  Doi: 
10.1111/jpc.14217.  Epub 14/09/2018 (Dainty G J, Reith D M, Taylor, B J). 
 
 
2.2.1 Statement of Contribution 
The concept for this study was conceived amongst all contributing authors.  The study 
was further refined and research protocol written by G Dainty.  Ethical approval was 
sought by G Dainty.  Research was conducted by G Dainty including data collection, data 
analysis, statistics, and first draft of the manuscript.  All authors subsequently helped 
revise the manuscript to its final version.  G Dainty has given poster and oral 





The introduction of an electronic system for recording and displaying growth 
measurements replaces multiple paper growth charts and theoretically improves 
availability and consistency of information to support clinical decision making. 
Introducing this in a single NZ District Health Board provided an opportunity to evaluate 
usage in hospital settings and determine uptake of growth recording in a defined 
population. 
2.3.2 Methods 
All records between 2010 –2015 in the Southern District Health Board (SDHB) 
anthropometry database were downloaded and examined in a retrospective cohort 
analysis.  Records were extracted after matching to demographic and clinical-setting data 
from the hospital patient-management system.     
2.3.3 Results 
Analysis included 30,670 data entry points, representing 8,551 children.  Data entry 
increased over time to a maximum 8,407 observations in 2015.  By the fifth year of use 
up to 67% of available clinical encounters had anthropometry recorded in the outpatient 
department.  Rates were lower in the in-patient setting, where only up to 18.4% had 
anthropometry recorded.  Errors identified were low (0.2% of all data).  Weight was the 
most commonly recorded measurement (98.2% of anthropometry entries, 35.1% of 
available clinical presentations).  Height was available for 82.6% of entries, 29.5% of 
presentations.  A BMI z-score was available for 81.5% of entries, 29.1% of presentations.  
A head circumference was available for 50.2% of children < 2yrs age who had 
anthropometry recorded.   
2.3.4 Conclusion 
The introduction of an electronic anthropometry database has been successful with 
increasing rates of use over time, especially in outpatient clinics.  Further focus to 






Presentation to health care is an important opportunity for growth monitoring (Garner, 
Panpanich, & Logan, 2000; Oberklaid, Wake, Harris, Hesketh, & Wright, 2002) and the 
detection of abnormal growth, which can signify conditions for which the child may 
benefit from early intervention.  Whilst in low and middle income countries the focus 
remains on faltering growth, in countries such as New Zealand obesity has taken over as 
a leading health concern in child health.  In New Zealand the latest NZ Health Survey 
revealed that 22% of children are now overweight with another 11% in the obese 
category.  This is significant as obesity is a major risk factor for common serious diseases 
that include type 2 diabetes (Chan, Rimm, Colditz, Stampfer, & Willett, 1994; Colditz, 
Willett, Rotnitzky, & Manson, 1995), hypertension, ischaemic heart disease (IHD) 
(Jousilahti, Tuomilehto, Vartiainen, Pekkanen, & Puska, 1996) stroke, cancer (Lew, 1985); 
cirrhosis of the liver (Matteoni et al., 1999; Ratziu et al., 2000), sleep apnoea (Strohl, 
Strobel, & Parisi, 2004), arthritis (Felson, Anderson, Naimark, Walker, & Meenan, 1988), 
dementia (Letra, Santana, & Seica, 2014), and depression (Dong, Sanchez, & Price, 2004).  
If the rates of obesity continue to rise, so will the incidence of these health complications 
and the associated costs to their families, communities and the health system.  
 
Traditionally growth monitoring has utilised paper growth charts.  Previous studies have 
found that in children presenting to paediatric care, weight is measured in 52-95% of 
children, height in 0-42%, and head circumference in children <2 yrs of age is measured 
0-11.1% of the time (Cummings et al., 2005; Lek & Hughes, 2009; Ramsden & Day, 2012).  
For the proper interpretation of these measurements however, they need to be carefully 
plotted onto the correct growth charts and a BMI calculated.  Studies suggest this occurs 
infrequently, with rates of growth chart use sitting between 0 – 25% (Cummings et al., 
2005; Lek & Hughes, 2009; Ramsden & Day, 2012).   
 
A study in Christchurch, NZ in 2012 found that although up to 95% of children had a 
weight in their clinical charts, only 7% of children had these measurements transferred 
to an appropriate growth chart for interpretation (Ramsden & Day, 2012).  Following the 
implementation of new guidelines and educational activities, the rates were reviewed.  
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Although 100% of the children now had a weight documented, the measurements were 
still transferred to the appropriate growth chart in only 23% of cases (Dodgshun & Day, 
2013). 
 
Studies also show that BMI is rarely calculated from the collected height and weight, with 
rates sitting between 0–20% (Cummings et al., 2005; Lek & Hughes, 2009; Ramsden & 
Day, 2012).  Error rates while plotting on growth chats are also estimated to be high at 
35% (Ramsden & Day, 2012). 
 
Data in the literature regarding the uptake of electronic growth charts is sparse.  Savinon 
et. al. 2012 in a Community Health Centre in America implemented electronic growth 
charts, as well as a screening questionnaire for childhood obesity, management 
guidelines and staff training.  They had increased rates of BMI documentation from 33% 
to 94%, and growth chart plotting from 0% to 94%, compared to when paper charts were 
in use (Savinon et al., 2012).  Other studies have found increased rates of obesity 
diagnosis in children (Keehbauch et al., 2012) and adults (Bordowitz et al., 2007) 
following the implementation.   
 
The Southern District Health Board (SDHB) anthropometric database is an electronic 
growth monitoring module initiated in 2010 in order to document growth more 
effectively.  The system was developed in-house by a clinician / programmer team with a 
focus on clinical flow and intuitive data entry.  Every patient that is seen in either the 
outpatient department (OPD), inpatient areas as well as remote clinics, can have their 
growth measurements (weight, height and head circumference) entered.  The data are 
stored electronically and can be accessed in the main hospital data system, thereby 
allowing for monitoring of trends in growth, both numerically and graphically. The 
system uses WHO growth standards and display of data in vertical column format over 
time, with automatic calculation of BMI and z-scores next to the measurement, as well as 
single click access to graphical display of the data. Waist circumference and ambulatory 
blood pressure can be recorded but without reporting of z-scores. It also incorporates 
height prediction (based on parental height) and adjustment for gestational age in the 
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first 2 years of life.  Initial intentions were that data entry would be by the person 
measuring with no further handling of the data in order to decrease data entry errors. 
Using electronic charting of growth allows ease of monitoring, with graphical 
representations and Z-scores at the touch of a button, and with fewer plotting errors.  
Information from multiple settings are integrated into a single view.  The data is stored 
in the hospital database but can be accessed via a secure Virtual Private Network (VPN), 
allowing approved access anywhere, and with any device.  In the hospital, data entry is 
typically performed via desktop PCs, but the capability to use tablets and other mobile 
devices exists.  This system is now in use across all hospitals across the 5 DHBs of the 
South Island of NZ allowing integration of information from children who cross DHB 
boundaries. An example of the data entry screen as well as the graphical display of the 
data is shown in Figure 7. Data cannot be entered more than once per day (i.e. if a patient 






Figure 7 An example data entry and graphical display screen from the electronic growth chart system introduced into the 
Southern District Health Board 
The first image depicts the screen used by clinicians to enter the data into the system (weight, height, head circumference, 
waist circumference, blood pressure and/or bone age).  The gestational age can be entered for automatic correction up 
until two years, and parental heights added for automatic calculation of target height. 
The second image depicts the automatically generated WHO growth charts; colour coded for ease of use. 





This study aims to describe utilisation of the electronic anthropometry database in the 
Paediatric services of New Zealand’s SDHB since its release in July 2010.  This included 
examining the proportion of patients being entered, which departments were utilising 
the service, the number of errors, which patients were represented in the system and 






A retrospective cohort analysis of the anthropometric database for children presenting 
to secondary care services of the SDHB was performed.  The SDHB services a population 
of over 304,000 people in the southern region of New Zealand.  There are two central 
hospitals, Dunedin and Invercargill, as well as smaller peripheral sites.  These include 
Queenstown, Balclutha, Gore, Oamaru and Dunstan hospitals.   
 
All available data were downloaded for the five year period 19/07/2010 – 16/07/2015.   
Data were merged with demographic and clinical setting data from the hospital patient 
management system (I-soft).  The anthropometry system contained data from both adult 
and paediatric patients. Only data for patients cared for by paediatric clinical teams were 
analysed (no age criteria). 
 
Ethnicity was categorised according to Statistics New Zealand Ethnicity Standard 
Classification Code Hierarchy 2005 (Statistics New Zealand, 2005).  Deprivation scores 
were obtained via patient address and classified according to the NZ Deprivation Index 
2006 (University of Otago - School of Medicine & Health Science, 2006).  
 
Nine categories were used for location of input:  “CU” (Inpatient Children’s Unit), “PAU” 
(Acute Inpatient Assessment Unit), and “Neonatal Unit” are located onsite in Dunedin 
hospital, and part of the children’s department.  “Emergency Department” and “Delivery 
Suite/Postnatal” are located on-site in Dunedin hospital, but not part of the children’s 
department.  “Paediatric OPD” represented clinics performed in Dunedin, as well as out-
of-town clinics in Balclutha, Oamaru and Dunstan.  “Invercargill” represented data 
obtained from the Invercargill hospital (both inpatient and outpatient data).  “No 
identifiable source” included generic logons, youth specialty services, dieticians, typists, 
teaching clinics, and updating data from Plunket books/clinic letters, where data is 
entered into the anthropometry system against no known user.  “Other areas” included 




Data were analysed for basic summary statistics using STATA 13.0, StataCorp LP, College 
Station, USA.  Outliers, identified as z-score > 4 or < -4, were recognised and checked 
manually via electronic patient records, before removal with no imputation.  Data lying 
outside this margin but representing true measurements after checking were left to be 
included in statistical analysis. 
 
When identifying individual patients, data for their first clinical encounter in the database 
only were used. Rates of anthropometry collection were analysed for the four areas with 
greatest input of data. 
 
Ethical approval for the study was gained from the Human Ethics Committee, University 
of Otago (HD15/011) – Appendix A.  The SDHB also gave approval for use of patient data.  
Ngāi Tahu Research Consultation Committee, and a Māori Community Consultation 









Following removal of outliers there were 30,619 remaining values for data analysis, with 
8551 individual National Health Index (NHI) numbers.  Demographic information is 
presented for individual patients. 
 
Age was available for 99.5% of patients.  Age ranged from 0 – 26yr, with a mean of 4.9 ± 
4.8yr.  Figure 8 shows the distribution of age, highlighting the high number of children in 
the database aged under one, and the proportion tailing off as age increases. 
 
 
Figure 8 Age of Individuals entered into the Electronic Growth Chart Database in Southern District Health Board between 
2010-2015 
 
Gender was available for 96.5% of patients with more males (55.3%) than females 
(44.7%).  Deprivation index data was available for 91.5% of patients in the database and 
had a median of 5.0 with interquartile range of 3-7. There was a slight decrease in the 
numbers of individuals in the most deprived category of deprivation score, but otherwise 


















Ethnicity information was available for 93.1% of individuals with 83.7% being European, 
8.9% Māori, 2.6% Pacific Island, 3.3% Asian and 1.6% of other ethnicities (see Table 6 
which also includes the 2013 National Census Data for Ethnicity in Otago and New 
Zealand (Statistics New Zealand, 2014b)). 
 
Table 6 Ethnicity of Patients Entered into the Electronic Growth Charts compared to Otago and National Rates 
 Ethnicity of 


































Both Regional and National Ethnicity Rates obtained from 2013 National Census Data (Statistics New Zealand, 2014a) 
 
2.6.2 Uptake over time 
 
In its first year 1,962 observations were entered into the system and the number 
increased each year to a maximum of 8,407 in the fifth year of use. 
 
2.6.3 Who is using the system 
 
The dataset had 277 unique users who had between 1 and 5,319 records entered under 
their name.  Individual patients were entered between 1 and 76 times in the five year 
time frame.   
 
Data regarding location of input is represented in Figure 9 and Table 7.  The largest 
proportion of entries came from the Paediatric OPD (59.3%).  They also had the highest 
rate of obtaining anthropometry from children presenting to their department – 44.9% 
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of all presentations had anthropometry recorded.  This proportion had continued to 
improve over the five year period, starting at 6.7% in 2010 and improving to 66.6% in 
2015.  Invercargill also continued to increase, trending from 1.0% to 26.5%, whilst the 
PAU and CU both were lower at 24.1% and 15.8% respectively. 
 
 
Figure 9 Location of input of Data into the Electronic Growth Charts 




























Table 7 Proportion of presenting patients with data entered into the anthropometry database over the five year study 
period by year and input location 
  All Years 2010 2011 2012 2013 2014 2015 
Dunedin 
POPD 
Total entered 44.9% 
(n=18481) 
6.7% 35.1% 54.6% 62.3% 63.7% 66.6% 
 Weight  6.6% 34.5% 54.1% 61.9% 63.2% 65.9% 
 Height  6.3% 33.4% 52.3% 59.3% 60.3% 62.6% 
 BMI z-score  6.2% 32.8% 51.9% 59.0% 59.8% 62.3% 
 HC (any age)  0.2% 1.8% 4.7% 6.2% 7.6% 8.2% 
PAU Total entered 16.5% 
(n=1741) 
0.4% 4.2% 18.7% 25.6% 19.9% 24.1% 
 Weight  0.4% 4.2% 18.6% 25.2% 19.4% 23.9% 
 Height  0.3% 2.3% 10.2% 14.7% 10.8% 13.4% 
 BMI z-score  0.3% 2.3% 10.2% 14.5% 10.6% 13.4% 
 HC (any age)  0.1% 1.3% 7.6% 11.9% 8.9% 13.3% 
CU Total entered 11.4% 
(n=796) 
0.5% 2.9% 10.6% 14.6% 18.4% 15.8% 
 Weight  0.5% 2.6% 9.8% 1.3% 15.8% 13.5% 
 Height  0.3% 1.7% 5.0% 7.1% 8.5% 8.7% 
 BMI z-score  0.3% 1.4% 4.4% 6.0% 7.5% 7.2% 
 HC (any age)  0% 0.8% 2.1% 4.7% 7.5% 4.4% 
Invercarg
ill 
Total entered 10.5% 
(n=2737) 
1.0% 3.8% 5.6% 12.3% 22.5% 26.5% 
 Weight  1.0% 3.7% 5.6% 12.3% 22.3% 26.3% 
 Height  0.8% 2.9% 4.6% 8.3% 16.8% 22.3% 
 BMI z-score  0.8% 2.9% 4.6% 8.7% 16.7% 22.2% 
 HC (any age)  0.2% 0.6% 1.0% 1.7% 3.0% 3.8% 
POPD, Paediatric Outpatient Department; PAU, Paediatric Assessment Unit; CU, Children’s Inpatient Unit; BMI, 





Use of the database throughout the Paediatric OPD can be broken down further into local and out-
of-town clinics.  The use in the Dunedin, Balclutha and Oamaru clinics was similar between 42.5 




A total of 71 outliers were identified in the data, representing 0.2% of the data.  The 
majority of errors were due to simple data entry errors – either numbers entered in the 
wrong order or height and weight entered in the wrong boxes. 
 
2.6.5 Anthropometry Collection 
 
Over the five year period of data collection there were 30,619 (35.8%) entries from the 
85,637 presentations to the paediatric teams at the SDHB.  Weight was the most common 
form of body measurement entered, available for 98.2% of the entries in the database, or 
35.1% of all presentations.  The range for weight was 1 kg to 171.9 kg – see Table 8.  
Documentation rates improved over time and varied by department – see Table 7.  The 
OPD in Dunedin were the most frequent users of the database.  In the fifth year of using 
the database, 65.9% of presentations had a weight entered, in PAU this number was 
23.9%, in the CU this was 13.5%, and in Invercargill was 26.3%. 
 
Height was available for 82.6% of the data in the system, or 29.5% of the presentations, 
with a minimum of 21.4 cm (likely premature infant) and maximum of 201.8 cm.  The 
Dunedin OPD reached a maximum collection rate in 2015 of 62.6% of all children having 
a height recorded for their presentation.  Rates were lower in PAU (13.4%), CU (8.7%) 
and Invercargill (22.3%). 
 
Head circumference was available for only 18.8% of the data in the database, or 6.7% of 
all presentations.  When restricting to children under two years of age however, 50.2% 
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of presentations in the database had a head circumference recorded.  The proportion of 
under two year presentations to the department that this represents is unknown, as the 
population data for this is unavailable.  Again this varied by department, with the highest 
rate of data collection being in the Dunedin OPD. 
 
BMI z-score was able to be calculated for 81.5% of all patients (both weight and height 
available on the same day), or 29.1% of the presentations.  There was a minimum BMI z-
score of –7.74 and maximum of 11.37 (checked via patient records and all representing 
true measurements), mean 0.56 ± 1.4. 
 
Table 8 Analysis of the measurements being recorded in the Electronic Growth Chart system introduced into the Southern 
District Health Board 
 All entries in Electronic Growth Chart 
Database (n=30,619) 
Individual Patients (n=8,551) 
 No entered 
(%) 
Mean value Range No entered 
(%) 
Mean Range 
Weight (kg) 30060 
(98.2) 
24.6 ± 20.7 
kg 
1 – 171.9 8414 (98.4) 22.8 ± 19.2 
kg 















HC (cm) 5765 (18.8) 40.4 ± 5.5 
cm 
20.5 – 78.0 1796 (21.1) 38.2 ± 6.0 
cm 
20.5 – 57.6 
HC < 2yr 
(cm) 
5423 (50.2) 39.8 ± 5.0 
cm 
20.5 – 57.5 1691 (54.2) 37.5 ± 5.3 
cm 





0.59 ± 1.5 -7.74 – 
11.37 
7280 (85.5) 0.56 ± 1.4 -7.74 – 9.22 
Note: When examined as individual patients, the first presentation to the service was used for analysis. 






This study looking at the introduction of electronic growth charts in the secondary care 
setting has found that this appears an effective method of growth recording.  Not only are 
rates of system use improving with time, but overall rates of use appear high compared 
to rates recorded in the literature for paper growth charts.  As the system self populates 
BMI this measurement in particular has high rates of documentation.   The system also 
automatically populates graphical representations of the data, keeping errors at a 
minimum.   
 
The use of the system has increased over time.  This is not surprising considering that it 
was introduced with no fanfare for the purpose of listening to user feedback and 
observing whether availability and ease of use of the tool encouraged natural take-up.  A 
few months after introduction, the availability of new paper charts was curtailed. 
 
Over the five year period, data entry rates continued to rise across all services.  By the 
fifth year rates in the Dunedin OPD were high, with height recorded in 62.6% of children 
and weight in 65.9%.  The literature suggests that although these measurements may still 
be taken when paper charts are in use (up to 95% of weight and 42% of heights 
measured) these measurements do not get transferred onto the paper charts for 
monitoring and interpretation of growth (only up to 25% of these measurements are 
transferred to the paper charts) (Cummings et al., 2005; Lek & Hughes, 2009; Ramsden 
& Day, 2012).   
 
The electronic system offers a quick, simple alternative that populates all graphical 
representations automatically, calculates BMI and z-scores and highlights any 
measurements lying outside of the normal range for ease of analysis.  This may be 




The fact that the BMI z-score is automatically calculated and therefore available for such 
large numbers of the patients (81.5% compared to 0-20% in previous studies involving 
paper charts) is encouraging for clinical applications for growth monitoring as BMI is 
invaluable for understanding nutrition, allowing a clinician to assess whether a child may 
need further input.   
 
Head circumference was collected for over half of the under two year olds when 
anthropometry was being recorded. This was higher than expected, and in studies 
involving paper charts, a maximum of 11.1% of children under 2yrs had their head 
circumference measured, and less transferred onto growth charts for analysis 
(Cummings et al., 2005; Lek & Hughes, 2009).   
 
Within the paediatric department, rates of use were much higher in the outpatient setting 
than the inpatient services.  This is likely due to more robust systems being in place in 
terms of data collection.  In the outpatient setting patients were always weighed and 
heighted prior to a clinic appointment, and data immediately entered into the computer 
by the person that took the measurements.  The inpatient departments have no such 
system in place.  This is mirrored in Invercargill, a general hospital 200 km distant where 
clinicians frequently would measure their patient. Within the OPD, the proportion of 
patients entered can vary between sites (central Dunedin versus out-of-town clinics), 
also likely a systems issue.   
 
The lack of data input from the inpatient services is concerning due to the requirement 
of accurate patient measurements for fluid and medication charting.  It is thought likely 
that these patients had at least a weight taken for the purposes of medication charting 
(still paper based in this department), but that these measurements have not been 
transferred to the anthropometry system.  By the fifth year of use, only 24% of patients 
in the PAU and 16% in the CU had anthropometry entered.  This represents a significant 
gap in the opportunity to assess the growth of the children presenting for acute and 
inpatient management.  
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There were few errors identified.  Most of these were easily identifiable as simple 
transcriptional data entry errors.  Even though there were likely more errors present 
than identified (as errors may not have created unreasonable entries) this is encouraging.  
With the additional improvement of automatic generation of graphical representations, 
as well as corrections for gestation, this means that overall the potential for mistakes has 
diminished greatly.   
 
The presence of unidentified errors does highlight that there are measurements being 
entered without clinical assessment of their appropriateness and need for intervention.  
Again this suggests clinical opportunities are being missed for growth monitoring.    
 
The electronic growth monitoring system is able to be accessed by clinicians via a VPN 
anywhere, on any device.  This increases ease of usability, as well as increasing the 
versatility of the growth monitoring tool itself.  A patients physical notes are no longer 
required to access historical growth records and assess growth trends.  This has useful 
applications for patients who are being seen in multiple sites, or when there are issues 




Without auditing paper growth charts we are unable to compare the use of this database 
to the use of anthropometry prior to the electronic system in our service.  However, audits 
in similar clinical areas including Southern New Zealand have shown much lower rates 
of growth recording, especially in the recording of BMI (Ramsden & Day, 2012).  
 
The demographics of the population is not representative of the general population as 
this is a clinical dataset of children presenting to secondary care. As such, the dataset age 
distribution showed a very high proportion of children under one, with presentations 
decreasing as age increased.  Gender data showed a slightly higher proportion of males 
in the database.  The even spread of individuals across the deprivation index, for the 
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SDHB, signifies an over-representation of those most-deprived, as the SDHB is normally 
skewed towards the least deprived (Ministry for Business Innovation and Employment, 
2013).  There were also slightly higher numbers of Māori and Pacific Island children in 
the database than found in the Otago population (Statistics New Zealand, 2014b).  These 
findings are all in keeping with data released by the Ministry of Health (Ministry of Health, 
2018b) and the Child and Youth Epidemiology Service (Simpson J et al., 2016) regarding 
the expected population  presenting to secondary care.  
This study was performed in a centre with a strong research interest in the area of 
childhood obesity and growth.  Many of the staff have a strong interest in this area and 
promote it regularly.  This may have positively affected the uptake of this useful resource 
and confounded the results we saw in this study. 
 
The large numbers in the study and long time frame of the study have allowed us to asses 
these trends with confidence. 
 
Overall, the introduction of electronic growth charts in southern NZ has been successful.  
Use of the growth charts continue to improve over time, especially where good systems 
are in place.  The number of errors are low, and rates of use appear high.  Further study 
to review the clinical utilisation of the growth charts in regards to growth monitoring and 
appropriate intervention will be important. 
 
The use of this system also gives us important population data not previously available, 
with which we can monitor the presenting population as well as our service delivery. The 
challenge for the future is to integrate growth information from primary care as well as 




3 Paper 2:  Management of Childhood Obesity: An 
audit of Clinical Practice in Secondary Care 
3.1 Preface 
This chapter contains an original manuscript titled “Management of Childhood Obesity: 
An audit of Clinical Practice in Secondary Care”.  It was published in the Journal of 
Paediatrics and Child Health in 2019.  Journal of Paediatrics and Child Health 2019 
Apr;55(10): 1224-1229.  Doi: 10.1111/jpc.14385.  Epub 19/02/2019 (Dainty G J, Reith D 
M, Taylor, B J). 
 
Chapter one described the lack of clinical use of growth charts as well as the poor rates 
of diagnosis of childhood obesity in clinical settings reported in the literature.  The 
literature suggests that younger children and males are less likely to be diagnosed with 
childhood obesity, but in America black and Hispanic children are more likely to receive 
clinical management.  We have sparse literature regarding diagnosis rates in NZ or 
clinical management regarding our population.  This is especially important considering 
current health inequities and the need to maximise health care for those with the greatest 
health needs. 
 
The aim of this paper was to evaluate the population presenting to secondary care 
paediatrics in Southern NZ in regards to childhood obesity, as well as the clinical 
management of a cohort presenting with obesity, in regards to diagnosis, investigations 
and management.  
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3.2.1 Statement of Contribution 
The concept for this study was conceived amongst all contributing authors.  The study 
was further refined and research protocol written by G Dainty.  Ethical approval was 
sought by G Dainty.  Research was conducted by G Dainty including data collection, data 
analysis, statistics, and first draft of the manuscript.  All authors subsequently helped 
revise the manuscript to its final version.  G Dainty has given poster and oral 





Childhood obesity continues to be a major health issue for children worldwide, with 
major health effects well recognised.  This study evaluated the prevalence of obesity in 
children presenting to secondary care in Southern New Zealand, as well as their clinical 
management.   
3.3.2 Methods 
Obesity prevalence was determined by review of data contained in the electronic 
anthropometry database in the region for the period 19 July 2010 – 16 July 2015.  All 
clinical records were further examined using a standard data extraction form for 333 
obese children regarding their clinical management. 
3.3.3 Results 
A total of 8551 individuals were identified in the database for review.  The prevalence of 
overweight and obesity was higher than the average national rates, but stable over the 
five year period.  Children of Maori and Pacific Island ethnicity, those most deprived and 
males were over-represented in terms of obesity.   
 Of the 333 obese children whose clinical management was examined, 45.0% received a 
diagnosis of obesity.  Of those diagnosed 24.7% had further investigations related to 
possible obesity complications and 72.7% were given management plans.  Older females 
were more likely to receive clinical intervention, while Maori and Pacific Island children 
less likely. 
3.3.4 Conclusion 
Of the children seen in this clinical care setting, 40% are overweight or obese, and yet the 
rate of clinical intervention left room for improvement suggesting a need for further staff 
education and clear guidelines.  Maori and Pacific Island children have higher obesity 
burden but were less likely to receive clinical intervention.  This may highlight a need for 







Childhood obesity is now one of the largest health threats in the modern world.  The latest 
New Zealand (NZ) Health Survey records 21% of children as overweight and another 
12% obese (Ministry of Health, 2016a).  These numbers are even more significant for 
children of Maori and Pacific Island ethnicity, where obesity is seen in 18% and 29% of 
children (Ministry of Health, 2018b).  With one third of all of our children over a healthy 
weight, ensuring this obesity is identified promptly and appropriately by health 
professionals is essential.  
 
Unfortunately the literature suggests that opportunities to address this issue are often 
being missed.  Six separate American studies found diagnosis of childhood obesity to vary 
between 18 – 54%.  Clinical management was universally less common in younger 
children and males, and more common in black and Hispanic children (Barlow et al., 
2002; Benson et al., 2009; Brady et al., 2016; Dorsey et al., 2005; O'Brien et al., 2004; Patel 
et al., 2010).  One Australian study found 1 in 58 children had obesity addressed (Cretikos 
et al., 2008) while another found one third received a diagnosis of obesity (M. Campbell 
et al., 2013).  Those diagnosed were older and in poorer health.  A NZ study in 2009 found 
only 6% of clinicians used recommended guidelines for assessment of overweight 
children and adolescents (McClintock & Hedge, 2009). 
 
Children in NZ have their day to day health managed by primary health carers such as 
general practitioners.  They present to secondary care (general paediatricians) acutely 
for emergencies, or are referred for care of chronic conditions.  Up to 24% of children are 
unable to have their health care needs met by primary care due to cost, transport, hours 
of care or availability.  Consequently, they require help from secondary care for general 
health needs (Ministry of Health, 2016a).  This presents an opportunity to not only 
manage their acute or chronic illness, but also address broader issues such as obesity.  
This can be a delicate conversation as many parents are not aware of their child’s weight 




This study aims to review the childhood obesity trends, as well as clinical management in 
a secondary care setting in the South Island of NZ.  This was carried out by reviewing 
growth data in an electronic anthropometry database for obesity trends, and clinical 






This study consisted of a retrospective review of the data contained in the 
anthropometric database for the Southern district health board (SDHB) between 
19/07/2010 and 16/07/2015.  The SDHB services a population of over 300,000 people 
throughout the southern region of NZ.  The anthropometry database is an electronic 
growth monitoring module initiated in 2010 to monitor growth more effectively.  All 
patients seen in the SDHB can have height, weight and head circumference entered in to 
the database and it is the single recommended system of keeping and viewing growth 
data.  Utilisation of the system has been reported previously (Dainty, Reith, & Taylor, 
2019). 
 
All available data was downloaded for the five year period and merged with 
demographics from the hospital patient management system.  Ethnicity was categorised 
according to Statistics NZ Ethnicity Standard Classification Codes (Statistics New Zealand, 
2005).  Deprivation scores were obtained via patient address, using the NZ Deprivation 
Index 2006 (University of Otago - School of Medicine & Health Science, 2006) for 
classification.  Children were classified into four weight categories according to their BMI 
Z-scores; underweight (z-score <-2), healthy (z-score ≥-2 and ≤1), overweight (z-score 
>1 and ≤2) and obese (z-score >2).  This was in accordance with World Health 
Organisation (WHO) recommendations for the classification of childhood obesity (de 
Onis & Lobstein, 2010), and also with the WHO growth charts used by the SDHB.  Note 
that a BMI was only calculated if both height and weight were entered for that individual 
on the same day. 
 
Data were analysed for basic summary statistics using STATA 13.0 StataCorp LP, College 
Station, USA.  Outliers (defined as >4 or <-4 SD) were checked manually through clinical 
notes.  Those not representing true clinical data were removed with no imputation.  
Where data were analysed as individual children their first clinical presentation in the 




Wilkoxon rank-sum analysis compared means between categories not normally 
distributed, and t-test analysis was used to compare means for categorical data that was 
normally distributed.  Χ2 analysis looked for differences between proportions where 
numbers were >100; Fisher’s exact test was used where numbers were smaller.  Analysis 
of variance was used to compare group means.  Where case-control odds ratio (OR) were 
calculated, a healthy weight European population was used as the control. 
 
Children with a BMI Z-score >2 at any time were assessed further.  These children were 
restricted to those >2yrs old and from the Otago region only.  50% were randomly 
allocated for further analysis using a random number generator (see Figure 10).   Patients 
were excluded if they were referred because of their high BMI or were already being 
followed due to their high BMI. 
 
Figure 10 Identification of Patients for Review of Clinical Management of High BMI 
 
Any comment by the clinician of the child’s high BMI was categorised as “diagnosed”, not 
requiring the term “obesity” be used.  “Clinical history” was assessed as taken if diet, 
exercise and family history were all mentioned.  “Comorbidity history” required a 
clinician to either mention that no comorbidities were present, or specifically mention 
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two or more of the expected obesity related comorbidities.  Investigations and 
Management were recorded and categorised.   
 
Ethical approval for the study was gained from the Human Ethics Committee, University 
of Otago (HD15/011) – Appendix A.  Approval for use of patient data was also gained 
from the SDHB.  Consultation was also undertaken with the Ngai Tahu Research 
Consultation Committee, and a Maori Community Consultation Meeting to ensure 






3.6.1 Demographics of the Database Download 
 
There were 30,670 visits representing 8551 individuals in the database.  Ages ranged 0-
26yr, mean 5.1 ±4.8.  They were 45% female, 55% male.  They had an average deprivation 
score of 5.0 ± 2.7 with a uniform distribution (see Table 9).  In regards to ethnicity, 83.7% 
were European, 8.9% Maori and 2.6% Pacific Island. 
 
Table 9 Demographics and Weight Category of Children entered into the Electronic Growth Database in Secondary Care in 
the Southern District Health Board 
 Study Regional NZ 
    
Mean Age 5.1 ±4.8   
Male 55% 51.5%  
Female 45% 48.5%  
Deprivation 
Index  
5.0 ± 2.7 4.7 5.4 
Ethnicity    
   European 83.7% 89.1% 74.0% 
   Maori 8.9% 7.5% 14.9% 
   Pacific Peoples 2.6% 2.0% 7.4% 
   Asian 3.3% 5.2% 11.8% 
   Other 1.6% 3.3% 2.9% 
Weight 
Category 
Children > 2yrs 
   
   Underweight 0.9%  4.4% 
   Healthy 59.7%  63.1% 
   Overweight 24.4% 24.3% 21.7% 
   Obese 15.0% 6.3% 10.8% 
Regional and National data regarding gender accessed via NZ Census 2013(24).   
Regional data represents Otago children aged 0-19yrs, and National data represents NZ children aged 0-19yrs. Otago and NZ deprivation 
index averages were obtained from Deprivation index in New Zealand Regional Activity Web Tool 2013(17) Otago and NZ Ethnicity 
averages obtained from 2013 NZ Census Data(24).   
Regional data represents Otago children aged 0-19yrs., New Zealand data is for children aged 0-18yrs.  NZ and Regional Obesity rates from 
the Ministry of Health NZ Health Survey 2014-2017 Regional Data Explorer(25). Regional data represents children 0-14yrs in the Southern 
DHB.  National data represents children 0-14yrs in New Zealand. 
 
 
3.6.2 Obesity Trends 
 
A BMI Z-score was available for 85.5% of the individuals.  Overall 61.5% of the children 
fit into the healthy weight category, 3.4% were underweight, 22.6% were overweight and 
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12.4% were obese.  For children > 2yrs, the proportion of children overweight increased 
to 24.4% and obese to 15% (see Table 9).  The obesity rates showed little variation over 
the five year period. 
 
The mean age was significantly lower in the underweight (1.8yr ± 4.3 P<.001) and obese 
groups (4.1yr ± 4.9 P<.001) groups, and older in the overweight group (5.6yr ± 4.5 
P<.001) - see table 10.  
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Table 10 Demographics of children entered into the Electronic Growth Database in the SDHB by weight category 
 Healthy Underweight Overweight Obese 
 Number % Number % OR 95% CI P value Number % OR 95% CI P value Number % OR 95% CI P value 
Children 5259 61.5 291 3.4    1933 22.6    1060 12.4    
Children >2y 5105 59.7 77 0.9    2086 24.4    1282 15.0    
Mean Age* 5.1 ± 4.8  1.8 ± 2.7    P<.001 5.6 ± 4.5    P<.001 4.1 ± 4.9    P<.001 
Female# 1947 44 103 42   P=.4 696 42   P=.1 350 42   P<.001 
Male 2343 55 137 55    905 55    522 54    
Mean Dep 
Score* 
4.9 (3-7)  4.8 (3-7)    P=.6 5.1 ± (3-
7) 
   P=.1 5.5 (3-8)     P0.001 
Ethnicity^                  
European 3551 62.3 184 3.2    1310 23.0    658 11.5    
Maori 322 55.7 25 4.3 1.5 0.9 – 2.3 P=.07 132 22.8 1.1 0.9 – 1.4 P=.33 99 17.1 1.7 1.3 – 2.1 P<.001 
Pacific 79 47.9 8 4.8 2.0 0.8 – 4.1 P=.07 42 25.5 1.4 1.0 – 2.1 P=.06 36 21.8 2.5 1.6 – 3.7 P<.001 
Asian 140 71.4 7 3.6 1.0 0.4 – 2.0 P=.9 35 17.9 0.7 0.5 – 1.0 P=.04 14 7.1 0.5 0.3 – 0.9 P=.03 
Other 78 67.2 9 7.8 2.2 1.0 – 4.6 P=.02 17 14.7 0.6 0.3 – 1.0 P=.05 12 10.3 0.8 0.4 – 1.5 P=.6 
OR – Odds Ratio, 95%CI – 95% Confidence Interval, SDHB – Southern District Health Board Note: Healthy = BMI z-score ≥-2 and ≤1, Underweight = BMI z-score <-2, Overweight = BMI z-score >1 and ≤2 and 
Obese = BMI 2-score > 2(18) 
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There were more males in all groups, but the only group with a statistically 
increased proportion compared to the healthy weight group were the obese group, 
with a P value of <.001 (see Table 10). 
 
The healthy, underweight and overweight groups had similar mean deprivation 
scores, but the obese group had a statistically significant increased mean dep score 
of 5.5 with a P value of <.001 (see Table 10).   
 
Children with Maori and Pacific Island ethnicity both had a significantly increased 
odds ratio for obesity OR 1.7 (95% CI 1.3 – 2.1 P<.001) and OR 2.5 (95% CI 1.6 – 
3.7 P<.001).  Children of Asian ethnicity had a significantly decreased odds ratio 
for both overweight and obesity OR 0.7 (95% CI 0.5 – 1.0 P=.04) and OR 0.5 (95% 
CI 0.3 – 0.9 P=.03) See Table 10. 
 
3.6.3 Clinical Management of Obese Children in the Secondary Care Setting 
 
868 patients were identified with obesity (BMI z-score >2).  A random sample of 
50% of these patients were reviewed further via their clinical notes. 333 were 




150/333 (45.0%) obese children seen by a clinician were diagnosed with obesity.   
There were many terms used to describe high BMI in the clinical documentation 









Problem with weight 
Weight issues 
Chubby 
Weight on the high side 
High growth velocity 
Dietary concerns 
Needs to be conscious of having healthy diet and exercise 
Needs to grow into his weight 
Increased adiposity 
Abnormal weight gain 
BMI just over the healthy range 
Making him rather sturdy 
I wouldn’t want his weight to increase in velocity 
Growth is generous 
Weight is on a higher centile than his height 
Nutrition is generous 




115/333 (34.5%) children had a problem list in their clinical notes.  Of these, 
57/115 (49.6%) had obesity added to that problem list (57/333 - 17.2% of all 
patients received a formal diagnosis).  Not all clinicians used the term Obesity.  
Terms used in the problem list included “High BMI” (most often), “Obesity”, 
“Overweight”, “Problem with weight” and “Weight Issues”. 
 
For those children diagnosed with obesity, a clinical history for obesity was 
documented for 26/150 (17.3%), and comorbidities for 7/150 (4.6%).  Blood 
Pressure was recorded for 64/150 (42.7%) and waist circumference for 1/150 
(0.6%). 
 
Those diagnosed with obesity had a mean age of 9.2y ± 3.6 compared to 7.7yr ± 4.4 
in the undiagnosed (P <0.001).  There were more females in the diagnosed group 




In terms of ethnicity, Fishers Exact analysis showed no statistical difference 
between groups, but trends suggested decreased rates of diagnosis for children of 
Maori and Pacific Island ethnicity compared to European ethnicity (see Table 12).  
 




    
Diagnosed 150 (45.0%) 183 (55.0%) 
 
Formal Diagnosis 57 (17%) 276 (82.9%) 
 
Age 9.2 ± 3.6 7.7 ± 4.4 P <.001 
Sex   P=.03 
Female 71 (47.3%) 65 (35.5%) 
 
Male 79 (52.7%) 118 (64.5%) 
 




European 125 (48.1%) 135 (51.9%) 
 




6 (30.0%) 14 (70.0%) 
 
    
Investigated 37 (24.7%) 113 (75.3) 
 
Age 10 ± 3.8 8.8 ± 3.4 P =.003 
Sex   P=.05 
Female 18 (48.6%) 53 (46.9%) 
 
Male 19 (51.4%) 60 (53.1%) 
 




European 31 (24.8%) 94 (75.2%) 
 
Maori 3 (17.6%) 14 (82.3%) 
 
    
Management 109 (72.7%) 41 (27%) 
 
Age 7.8 ± 4.2 9.4 ± 3.6 P =.002 
Sex   P=.004 
Female 57 (52.3 %) 15 (34.9%) 
 
Male 52 (47.7%) 28 (65.1%) 
 




European 93 (74.4%) 32 (25.6%) 
 








Investigations were performed on 37/150 (24.7%) of the diagnosed children.  Of 
those who had investigations carried out, there was an average of 4.3 (± 2.7) 
investigations performed, with a range of 1 – 10.  The investigations performed 
are listed in Table 13. The most common investigation was a blood glucose 
measurement, with 56.8% of investigated patients having this performed. 
 
Table 13 Investigations Performed on Obese Children 
 No. % of investigated patients 
who had this test 
performed 
Bld Glucose 21 56.8% 
LFTs 19 51.4% 
HbA1c 17 45.9% 
U&Es 16 43.2% 
TFTs 16 43.2% 
Lipids 14 37.8% 
FBC 13 35.1% 
Iron Studies 8 21.6% 
Oximetry/Sleep Study 7 18.9% 
CRP 6 16.2% 
Insulin 5 13.5% 
Vitamin D 3 8.1% 
Urine Prot/Creat Ratio 2 5.4% 
 
 
Those who received investigations were older (mean age of 10 ± 4.3 as opposed to 
8.8 ± 3.4 (P value =.003)) and there were more females in the investigated group 
(P=.05).  There was no significant difference in deprivation index (see Table 12).  
 
In terms of ethnicity the numbers were low and again Fishers Exact analysis 
showed no difference between groups, but trends again suggested a decreased 
proportion of investigations for the children of Maori ethnicity compared to 






Of 150 children, 109 (72.7% diagnosed with obesity received a management plan.  
The mean number of components within these plans was 1.2 ± 0.4 with a range of 
1-3 components.  Children given plans had a mean age of 7.8 ± 4.2 as opposed to 
9.4 ± 3.6 when no management plan was given (P=.002).  Those given management 
plans were 52.3% females, and those who received no management plan were 
36.3% female (P=.004).  There was no significant difference in deprivation score 
between those who received a management plan and those who did not (see Table 
12).  In terms of ethnicity numbers were low with no statistical difference between 
groups but trends suggested decreased rates of management plans in children for 
children of Maori ethnicity compared to European ethnicity (see Table 12).  
 
A total of 62.5% of management plans were for general advice (80/109), followed 
by 31.3% having a referral to the dietician (40/109), 3.9% to active families 
(5/109), 1.6% to a specialist obesity clinic (2/109) and 0.8% (1/109) referred for 








This study suggests that the prevalence of obesity in secondary care is even higher 
than the general population (39%), yet our rates of diagnosis and management are 
lower than desired, especially for those most at need – children of Maori and 
Pacific ethnicity. 
 
Obesity trends were stable between 2010-2015 in contrast to our national data 
which shows stable rates in 2- 4 year olds and increasing rates in 5 – 14 year olds 
(Ministry of Health, 2018b).  Children classified as obese were more likely to be 
younger in age, male, have a higher deprivation index and be classified as Maori or 
Pacific Island in ethnicity, similar to our national profile.  
 
The rates of clinical management show 45% of obese children receiving a 
diagnosis of obesity and 17.2% a formal diagnosis which would be clinically coded.  
Those diagnosed are also likely to be older.  These rates are largely not dissimilar 
to those in the literature (Barlow et al., 2002; Benson et al., 2009; Brady et al., 
2016; M. Campbell et al., 2013; Cretikos et al., 2008; Dorsey et al., 2005; McClintock 
& Hedge, 2009; O'Brien et al., 2004; Patel et al., 2010).  This is disappointingly low, 
leaving a huge gap for improvement.  Research suggests the younger a child is 
when medical intervention for obesity is instituted, the more likely they are to 
respond (Hesketh & Campbell, 2010).   
 
Results also suggest females are more likely to receive intervention.  This has been 
found in many previous studies (Barlow et al., 2002; Benson et al., 2009; Brady et 
al., 2016; Dorsey et al., 2005; O'Brien et al., 2004; Patel et al., 2010; Racey et al., 
2016).  Our population suggests that obesity is more common in males in 
secondary care, yet less likely to be addressed for them, presenting a disparity.  
The cause for this is unknown.  It is possible that males are expected to present as 
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more “solid”, or that a clinician-patient communication barrier exists that is yet to 
be identified. 
  
Even those children who were diagnosed had low rates of documentation of 
obesity history or comorbidities.  Further education or guidelines in regards to 
childhood obesity management may be warranted.  It is recognised that clinical 
appointments with children are time pressured, and obesity is not usually the 
presenting complaint.  Without addressing the obesity however, the child’s health 
cannot be optimised, and many health complaints will not be fully resolved. 
 
Many investigations appeared to be performed ad-hoc and management appeared 
to follow no format.  No guidelines were in place locally at the time of this study, 
leaving clinicians to search further afield, or use clinical judgement alone.  This 
may explain some of the variation in practice seen.  The American Academy of 
Paediatrics currently recommends a fasting lipid panel, glucose and LFTs if risk 
factors are present.  Glucose and LFT’s every 2yrs are recommended routinely at 
10 yrs regardless of risk factors (Barlow, 2007).  The New Zealand MOH guidelines 
are less prescriptive, suggesting that where indicated by history and exam a 
clinician may consider fasting lipid profile, HbA1c or overnight sleep study using 
pulse oximetry (Ministry of Health, 2016b).  The more recent Endocrine Society 
Clinical Practice Guideline suggests a more thorough approach, with diabetes 
screening, lipids and LFT’s for all children who are overweight or obese (Styne et 
al., 2017).  Our study showed many more investigations being performed.  This 
may reflect clinical need (without documentation), but appears more reflective of 
poor knowledge of the guidelines.  Of note was the high practise of ordering 
thyroid functions.  Without clinical signs or symptoms there is no indication for 
this test, reflecting the likelihood that investigations were being ordered without 
understanding. This is a possible target for the current Choosing Wisely campaign 




Children of Maori and Pacific Island ethnicity, who have higher rates of obesity, 
appear to receive lower levels of care in regards to diagnosis, investigations and 
management.  Whether this is due to lack of clinical recognition, communication 
difficulties or some other barrier remains unclear. Of note, in American studies, 
children of Black and Hispanic ethnicity, who also have higher rates of obesity, 
were more likely to receive clinical management (Brady et al., 2016).  There 
remains a lack of specific clinical research regarding the Maori and Pacific Island 
child population despite their high clinical need, and this is likely needed before 
this issue can truly be addressed.   
 
There are several limitations to this study.  There was limited input from the 
inpatient services into this database during this time period.  This study therefore 
largely represents the outpatient population, who have chronic illness, rather than 
the inpatient population who present with acute illness.  Whether this would affect 
the proportion of children with obesity is unknown.  Even when operating 
optimally 35% of patients are not entered into the database.  It is a possibility that 
heavier children are systematically more likely to have their anthropometry 
measured and entered into the system. 
With regard to clinical management of obesity, initially only 50% of the cohort 
were randomly chosen for the audit, limiting the size of the study.  This was a 
necessity of the time available to researchers but due to the limited numbers in 
some groups has limited the ability to explore with confidence differences in 
management in subgroups including different ethnic groups.  The results also rely 
on documentation by the clinician at the time of presentation.  It is possible that 
the obesity was addressed but not documented, which may affect results regarding 
diagnosis.  This however highlights the importance of documentation for 
communication.  Whether omitted due to sensitivity or not, if a clinician does not 
pass information regarding a diagnosis on to the primary carer or next clinician to 
monitor, this information may become lost, and may not be addressed further in 
subsequent health appointments.  It also does not highlight the importance of the 




Strengths include the size of the large cohort and the fact that the demographics 
suggest the population was representative of a clinical population of children 
presenting to secondary care. 
 
For some of these children the visits to the secondary care provider may represent 
their only contact with health care providers.  As such the health carers have a 
responsibility to consider the holistic care of the patient and not just the 
presenting complaint.  Unfortunately this study suggests that even though a large 
proportion of these children will be obese, rates of clinical intervention are 
unsatisfactory.  Young children, males and children of Maori and Pacific Island 




4 Paper 3: The Kids BMI Study: Evaluation of 
Community Interventions for Pre-School children 
with a High BMI in New Zealand 
4.1 Preface 
This chapter contains an original manuscript entitled “The Kids BMI Study: 
Evaluation of Community Interventions for Pre-School children with a high BMI in 
New Zealand”.  It has been submitted for review with Journal of Paediatrics and 
Child Health. 
 
The literature review highlighted the importance of multi-disciplinary 
interventions in the community addressing diet, exercise and behaviour and 
involving the whanau, in order to achieve improvements for childhood obesity.  
The New Zealand Government has instituted a Child Obesity Plan including the 
B4SC Referrals initiative, which aims to manage children with obesity through 
community interventions.  
 
This study aimed to evaluate the B4SC referrals initiative in regards to identifying 
any gaps in service delivery, evaluating impact in regards to BMI and quality of life, 
as well as examining inequalities.  
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4.2 The Kids BMI Study: Evaluation of Community 
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4.2.1 Statement of Contribution 
The concept for this study was conceived amongst all contributing authors.  The 
study was further refined and research protocol written by G Dainty.  Ethical 
approval was sought through HDEC by G Dainty.  Research assistants were hired 
and managed by G Dainty.  Data collection through-out the South Island was 
conducted by the research assistants.   Data analysis, statistics, and first draft of 
the manuscript were completed by G Dainty.  All authors subsequently helped 
revise the manuscript to its final version.  G Dainty has given poster and oral 





The high prevalence of overweight and obesity in New Zealand children is a 
significant health issue, with early intervention assumed to give the best outcomes 
for future health.  This study evaluated the Before School Check (B4SC) Referrals 
initiative set up by the New Zealand Government that aimed to manage children 
with obesity through community interventions. 
4.3.2 Methods 
The families of children in the South Island identified as having a BMI in the obese 
range at their B4SC between November 2016 and October 2017 were invited to 
participate in a one year follow-up home visit evaluating growth, quality of life and 
exploring the interventions they had received. 
4.3.3 Results 
Home visits were performed on 104 of 839 eligible children.  For these 
participants the child’s weight had been discussed at the B4SC for 76.0%, referral 
to either a health assessment or community intervention were made in 49.0%, and 
attended by 26.0% of participants.  Maternal obesity appeared to be a barrier to 
both the discussion of high BMI and attendance at interventions. There was no 
difference in change in BMI or QOL between those that had received intervention 
for their high BMI and those who had not. 
4.3.4 Conclusion 
Referral rates for health assessment and community intervention programmes in 
the B4SC Referrals initiative appear to be lower than the recommended 95% 
health target, likely affecting opportunities for early intervention for childhood 
obesity.  It appears communication issues may be affecting these outcomes and 






Obesity remains a critical health issue in New Zealand where our rates are the 
third highest in the OECD world (OECD, 2017).  One third of our children are now 
over a healthy weight (Ministry of Health, 2018b) and at increased risk of 
substantial health effects due to this (Biro & Wien, 2010).  Research suggests a 
need to intervene early in life to change growth trajectory, as patterns set up early 
in life make intervention more likely to be successful in the young (Freedman, 
Khan, et al., 2005; Ho et al., 2012).  Regular monitoring of growth is recommended 
in children in order to highlight abnormal progression (Ministry of Health, 2016b).  
A high BMI can be an important indicator for further health assessment and 
referrals for intervention around food, activity, sleep and behavioural support.  
Inclusion of family has been shown to improve outcomes through modelling and 
reinforcement (Oude Luttikhuis et al., 2009), and implementation of programmes 
in the community is recommended (Ho et al., 2012; Janicke et al., 2014; Ministry 
of Health, 2016b; Oude Luttikhuis et al., 2009; Whitlock et al., 2010). 
 
The New Zealand (NZ) Ministry of Health (MoH) in 2015 launched the Childhood 
Obesity Plan, a package of 22 initiatives aimed at providing interventions for 
children who are obese, giving support for those at risk of obesity, and broad 
population approaches to increase overall population health (Ministry of Health, 
2017).  One of the targeted initiatives is called the Before School Check (B4SC) 
Referrals: Raising Healthy Kids Health Target (Ministry of Health, 2016c).  The 
B4SC is a free health and development assessment offered to all NZ children at the 
age of four years.  The target aims to ensure that any child identified as obese at 
their B4SC is offered referrals for a health assessment and community programme 
to manage their obesity.    
 
This paper describes an evaluation of the MoH B4SC Referrals initiative to refer 
children through to community intervention programmes.  It aimed to identify any 
gaps in service delivery, and assess the impact of the programme in regards to 




4.5.1 Study Design/Participants 
 
The Kids BMI study was an observational cohort study that followed a group of 
four year old children for a one year period.  All children identified as having a BMI 
>98th centile using WHO standards who were included in the B4SC initiative and 
were residents of the South Island of New Zealand were included.  Only children 
for whom written parental consent was not gained were excluded from 
participation in the study.  Contact details were gained via the Ministry of Health 
from the B4SC database.  Three contact attempts were made for each family (2 
postal and one via text message)  Recruitment occurred between November 2017 
– October 2018.  Home visits were performed by trained Assistant Research 
Fellows. 
 
4.5.2 Study Measures 
 
4.5.2.1 Baseline data 
The MoH provided B4SC data including routinely collected height and weight.  This 
was measured by the B4SC nursing staff using the procedure outlined in the Well 
Child/Tamariki Ora Programme Practitioner Handbook 2014 (Ministry of Health, 
2013).   
 
Demographic information was collected via B4SC data for those who consented to 
be in the study.  For those who did not consent to be in the study, data were 
supplied by the MoH as a cohort in unidentified format. 
 
4.5.2.2 Home visit 
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Height and weight were collected according to a measurement protocol (Appendix 
D) kept consistent with the Well Child/Tamariki Ora Programme protocol.  The 
only differences were in the model of scales and stadiometer being used.   
The Paediatric Quality of Life Inventory (PedsQL) Version 4.0 – English (New 
Zealand) Parent Report for Young Children (ages 5-7) was also administered 
(Appendix C).   The license for this was gained via Mapi Research Trust, Provide, 
Lyon France on 24/02/2017.   
 
A 17 question follow-up questionnaire was also given to the caregiver at the 
follow-up visit which investigated the interventions referred to (health 
assessment and community programs) as well as maximum parental height and 
weight (biological parents only).  This questionnaire can be viewed in Appendix C. 
 
4.5.3 Statistical Analysis 
 
Survey data was transferred to Stata/SE, version 13.1 (Stata Corp, College Station, 
TX, USA) for statistical analysis.  PedsQL were scored according to the Scaling and 
Scoring of the Paediatric Quality of Life Inventory PedsQL (Varni, 2015).  Basic 
descriptive analyses were performed on all data.  Ethnicity was categorised 
according to the Statistics NZ Ethnicity Standard Classification Code Hierarchy.  
SES was supplied as Quintiles.  Chi-square and Fishers Exact analysis was used to 
examine categorical data, and t-tests were used to examine continuous data.  Data 




Ethical approval for this study was gained through the Health and Disability Ethics 
Committee New Zealand (17/NTB/91) – Appendix B.  Locality approval was 
gained from the five involved District Health Boards, as well as permission to 
access the baseline data from the MoH.  Consultation was also undertaken with the 
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Ngai Tahu Research Consultation Committee as well as a Māori community 






At baseline there were 839 of 11,747 (7.1%) children identified by the MOH as 
being in the obese range at their B4SC in the year Nov 2016 – Oct 2017.  104 
children agreed to participate in the study (response rate 12.4%).  Children not in 
this study were composed of 187 declines (22.3%), 2 ‘moved out of area’ (0.2%), 
61 incorrect contact details (7.3%), and 447 non-responders (53.3%).  43 
participants agreed to participate in an alternative study involving a parental 




The demographic characteristics of participating children are described in Table 
14 and compared to those who did not participate.  There was no statistically 
significant difference in the distribution of socioeconomic status (SES), sex, or 





Table 14 Demographics of Children in the study compared to those who did not participate 
 Study Participants 
(104) 
Children not in 
the study (693) 
 
    
Sex   P=1.0 
Male 60 (57.7%) 401 (57.9%)  
Female 44 (42.3%)  292 (42.1%)  
SES   P=.5 
Low SES   34 (32.6%) 272 (39.2%)  
Middle SES 19 (18.3%) 150 (21.7%)  
High SES  51 (49.0%) 269 (38.8%)  
Ethnicity    P=.1 
European 69 (66.4%) 394 (56.9%)  
Maori 17 (16.4%) 165 (23.8%)  
Pacific Island 13 (12.5%) 76 (11.0%)  
Asian 2 (1.9%) 43 (6.2%)  
Others 3 (2.3%) 15 (2.2%)  
Mean Baseline BMI 19.6 ± 1.5 20.0 ± 1.9 P = .02 
Mean Baseline BMI z-score 2.6 ± 0.8 2.7 ± 0.9 P = .8 
BMI – Body Mass Index  
SES – Socio-economic Status 
Low SES – Quintile 4-5, Middle SES – Quintile 3, High SES – Quintile 1-2 
 
The mean baseline BMI was 19.6 ± 1.5 in the study group and 20.0 ± 1.9 not in the 
study group (p<0.02), however mean BMI z-scores (2.6 ± 0.8 vs 2.7 ± 0.9, P=.8) 
were not significantly different.  
 
4.6.3 Discussion of Weight/Referrals 
 
At the B4SC the high BMI was discussed at 76.0% (79/104) of the visits.  An 
intervention was offered to 49.0% of participant (51/104).  A health check was 
offered to 41.3% (43/104) of the participants, while community programmes 
were offered to 42.3% (44/104).  36 participants were offered both.  Neither was 
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offered to 51.0% (53/104).  Of those offered intervention, 27 individual 
participants (26.0%) were able to attend these.  Both the health check and 
community programmes were attended by 16 people, just the health check by 8 
people, and just a community program by 3 people.  Specific referral locations are 
shown in table 15. 
 












    
Active Families 16 4 3 2-10 
Healthy 
Families 
4 0   
Dietician 14 4 3 1-10 
Public Health 
Nurse 
7 4 1.2 1-2 
GP 15 9 1.9 1-6 
     
     
GP – General Practitioner 
 
The top reason for not attending a health check-up, stated by 77.8% of 
participants, was that they did not feel comfortable talking about the issue. 
 
4.6.4 Factors affecting referrals 
 
There were no statistically significant differences in sex, SES quintile (overall or 
when divided into categories), ethnicity, paternal BMI or DHB locality between 


















Number 79 25  51 53  27  77  
B4SC BMI 19.7 ± 1.6 19.1 ± 0.7 P=.07 19.8 ± 1.8 19.3 ± 0.9 P=.06 20.2 ± 2.2 19.3 ± 1.0 P=.008 
B4SC BMIZ 2.7 ± 0.9 2.4 ± 0.3 P=.06 2.8 ± 1.0 2.5 ± 0.4 P=.2 3.0 ± 1.2 2.5 ± 0.5 P=.03 
Sex   P=1.0   P=.6   P=.8 
Male 46 (58.2%) 14 (56.0%)  31 (60.1%) 29 (54.7%)  15 (55.6%) 45 (58.4%)  
Female 33 (41.8%) 11 (44.0%)  20 (39.2%) 24 (45.2%)  12 (44.4%) 32 (41.6%)  
SES   P=.8   P=.7   P=.1 
Low  26 (32.9%) 8 (32.0%)  16 (31.4%) 18 (34.0%)  6 (22.2%) 28 (36.4%)  
Middle  13 (16.5%) 6 (24.0%)  11 (21.6%) 8 (15.1%)  8 (29.6%) 11 (14.3%)  
High  40 (50.6%) 11 (44.0%)  24 (47.1%) 27 (52.9%)  13 (48.1%) 38 (49.4%)  
Ethnicity   P=.4   P=.8   P=.8 
European 53 (67.1%) 16 (64.0%)  33 (64.7%) 37 (68.5%)  66.7% (18) 66.2% (51)  
Maori 15 (19.0%) 2 (8%)  10 (19.6%) 7 (13.0%)  11.1% (3) 18.2% (14)  
Pacific Is 8 (10.1%) 5 (20.0%)  5 (9.8%) 8 (14.8%)  14.8% (4) 11.7% (9)  
Asian 1 (1.3%) 1 (4.0%)  1 (2.0%) 1 (1.9%)  3.7% (1) 1.3% (1)  
Other 2 (2.5%) 1 (4.0%) P=.4 2 (3.9%) 1 (1.9%)  3.7% (1) 2.6% (2)  
Maternal BMI 66 (29.6 ± 
7.9) 
20 (32.9 ± 9.3) P=.1 43 (29.2 ± 7.8) 43 (31.6 ± 
8.5) 
P=.2 21 (27.8 ± 8.6) 65 (31.2 ± 
8.1) 
P=.1 
Maternal weight category   P=.03   P=.3   P=.02 
Healthy weight 22 (33.3%) 6 (30.3%)  17 (39.3%) 11 (25.6%)  12 (57.1%) 16 (24.6%)  
Overweight 20 (30.3%) 1 (5.0%)  11 (25.6%) 10 (23.3%)  4 (19.1%) 17 (26.2%)  
Obese  24 (36.4%) 13 (65.0%)  15 (34.9%) 22 (51.2%)  5 (23.8%) 32 (49.2%)  
Paternal BMI 64 (31.0 ± 
5.6) 
17 (32.1 ± 7.3) P+.5 41 (31.1 ± 5.2) 40 (31.4 ± 
6.6) 
P=.8 20 (30.9 ± 4.7) 61 (31.3 ± 
6.3) 
P=.8 
Paternal Weight Category   P=1.0   P=.7   P=.4 
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Healthy weight 6 (9.4%) 2 (11.8%)   3 (7.3%) 5 (12.5%)  2 (10.0%) 6 (9.8%)  
Overweight 24 (37.5%) 6 (35.3%)  15 (36.6%) 15 (37.5%)  5 (25.0%) 25 (41.0%)  
Obese 34 (53.1%) 9 (52.9%)  23 (56.1%) 20 (50.0%)  13 (65.0%) 30 (49.2%)  
DHB   P=.4   P=.3   P=.3 
NM/SC/WC  
(22) 
19 (86.4%) 3 (13.6%)  10 (45.5%) 12 (54.5%)  3 (13.6%) 19 (86.4%)  
Canterbury 
(53) 
38 (71.7%) 15 (28.3%)  30 (56.6%) 23 (43.3%)  16 (30.2%) 37 (69.8%)  
Southern (29) 22 (75.9%) 7 (24.1%)  11 (37.9%) 18 (62.0%)  8 (27.6%) 21 (72.4%)  
 
B4SC – Before School Check; BMI – Body Mass Index; BMIZ – BMI z-score;  
DHB – District Health Board; NM – Nelson Marlborough; SC – South Canterbury; WC – West Coast 
SES – Socio Economic Status; Low SES – Quintile 4-5, Middle SES – Quintile 3, High SES – Quintile 1-2 





There was a trend towards higher mean maternal BMI in groups of children not 
having weight discussed or interventions but not statistically significant.  There 
were statistically significant differences in the proportion of mothers who were 
obese in the groups who did not receive these however.    Those who did not have 
their weight discussed had more mothers with a BMI in the obese range (P=.03) 
and those who did not attend the interventions they were referred to also had 
more mothers with a BMI in the obese range (P=.02).   
 
There were also significant differences noted with baseline BMI and BMI-z-score.  
Those who attended the interventions they were referred to had higher baseline 
mean BMI (20.2 ± 2.2 vs 19.3 ± 1.0; P= .008) and BMI z-scores (3.0 ± 1.2 vs 2.5 ± 
0.5; P= .03).  See Table 16.  
 
4.6.5 Follow-up Growth 
 
The mean follow-up BMI for the participants was 19.6 ± 2.2 with a mean BMI z 
score of 2.4 ± 1.0.  Mean BMI z-score change was -0.24 ± 0.6 (P <.001).  Table 17 
shows a comparison of the outcomes for our study groups.  Those who underwent 
an intervention continued to have a higher BMI z-score at follow-up compared to 
those who had no intervention (2.7 ± 1.4 versus 2.3 ± 0.8; P=.03), and no significant 
difference in BMI z-score change.  All other groups had comparable baseline and 
follow-up BMI, BMI z-score, and no significant difference in BMI z-score change.  
Changes in BMI-z score ranged from -0.32 ± 0.5  to -0.19 ± 0.6.   Results for follow-
up growth can be seen in Table 17.   
 
 
4.6.6 Follow-up PedsQL scores 
 
There was no statistically significant difference in PedsQL scores within the study 
groups, as seen in table 17. 
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Number 79 25  51 53  27 77  
FUP BMI 19.8 ± 2.3 18.9 ± 1.5 P=.08 19.7 ± 2.3 19.5 ± 2.1 P=.5 20.2 ± 2.7 19.4 ± 2.0 P=.09 
FUP BMIZ 2.5 ± 1.0 2.1 ± 0.6 P=.06 2.5 ± 1.2 2.3 ± 0.8 P=.2 2.7 ± 1.4 2.3 ± 0.8 P=.03 
BMIZ change -0.21 0.7 
 
-0.32 ± 0.5 
 
P=.4 -0.28 ± 0.6 
 
-0.19 ± 0.6 
 
P=.5 -0.25 ± 0.8 
 
-0.23 ± 0.6 
 
P=.9 
PedsQL Score 80.5 ± 13.2 81.4 ± 12.4 P=.8 81.8 ± 12.6 79.8 ± 13.3 P=.4 78.2 ± 14.2 81.6 ± 12.4 P=.2 
PedsQL 
Physical 
84.5 ± 17.7 85.1 ± 18.2 P=.9 85.8 ± 15.5 83.6 ± 19.7 P=.5 80.8 ± 18.3 86.0 ± 17.5 P=.2 
PedsQL 
Emotional 
70.8 ± 15 73.6 ± 16.4 P=.4 71.1 ± 15.9 71.9 ± 15.2 P=.8 68.1 ± 16.4 72.7 ± 15.0 P=.2 
PedsQL 
Social 
81.8 ± 17.8 84.4 ± 14 P=.5 83.6 ± 18.6 81.3 ± 15.2 P=.5 79.4 ± 20.3 83.4 ± 15.4 P=.3 
PedsQL 
School 
82.7 ± 14.3 80.2 ± 16.2 P=.5 84.4 ± 12.6 80.0 ± 16.3 P=.1 83.0 ± 13.5 81.8 ± 15.2 P=.7 
FUP – Follow-up; BMI – Body Mass Index; BMIZ; Body Mass Index Z-score;  
PedsQL – reported as overall mean score, then by physical, emotional, social and school functioning subscales 




4.6.7 Ministry of Health Records 
 
The Ministry of health data documentation for outcome of growth assessment at 
B4SC records that for those participants in our study, 56.7% (59) were referred to 
community services,  32.7% (34) a referral was declined, 6.7% (7) were already 
under care and in 3.9% (4) the growth assessment was completed with advice 
given only. Those not in the study had very similar statistics – see Table 18.  
 
Table 18 Ministry of Health documentation of participant referral outcomes 
 In study (104) Not in study (693) 
Completed – advice given 4 (3.9%) 34 (4.91%) 
Completed – not referred 0 2 (0.3%) 
Completed – referral 
declined 
34 (32.7%) 199 (28.7%) 
Referred 59 (56.7%) 413 (59.6%) 
Under Care 7 (6.7%) 45 (6.5%) 
 
4.6.8 Qualitative Feedback 
 
Key themes identified showed a strong emotional content within many of the 
surveys, many parents had been reassured regarding their children’s weight, and 
many caregivers did not agree with the assessment of their child’s weight status.  
The results here were thought highly valuable, but not extensive enough to present 
or evaluate on their own.  The results led on to the formation of the study seen in 






This evaluation of the B4SC Referrals initiative across the South Island of New 
Zealand found that for children with a BMI in the obese range at the B4SC, levels 
of referrals to a health assessment or community intervention as well as the 
uptake of those referrals were disappointingly low.  Factors such as maternal BMI 
and child BMI z-score appeared to be affecting the outcomes at the B4SC. 
 
The New Zealand Government health target “Raising Healthy Kids” is that 95% of 
obese children identified at the B4SC program will be offered referral to a health 
professional for clinical assessment and family based nutrition, activity and 
lifestyle interventions.  It must be remembered that BMI is a screening tool, not 
diagnostic of obesity or poor health.  With only 49% of children achieving a 
referral, this leaves a large gap in the opportunity to address any underlying cause 
for obesity, treat any comorbidities, or offer early intervention for the obesity 
itself. 
The Raising Healthy Kids health target measures referrals following the B4SC, but 
there are no targets regarding attendance, or whether those services are effective.  
There may be an assumption that there are services available, and that the people 
offered help will attend.   
 
Throughout the South Island availability of services for intervention for childhood 
obesity is variable.  In places like the West Coast no specific services such as Active 
Families or Triple P are available, and time with Public Health nurses is likely to 
be sparse.  This in itself is likely to affect referral rates.  If there were a more 
streamlined community service available, this would likely improve both referral 
rates as well as engagement. 
 
The data collected in this survey suggests that approximately half of those offered 
either a health check or community programme will attend, with the main reason 
given for non-attendance being that caregivers did not feel comfortable talking 
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about the issue.   The low levels of recruitment in this study as well as feedback 
during the recruitment phase suggest low levels of engagement that may be 
affecting the uptake of services.  There is significant stigma and emotion 
surrounding the topic of childhood obesity which may be affecting communication 
efforts and disengaging families.   
 
There also appeared to be some discrepancy between the referral figures.  While 
parents reported that the child’s weight was not discussed in 24% of cases, and 
‘advice only’ given in 27%, the MOH data suggests that a referral was declined in 
33% of cases.  Differences in recording methods, pressure to hit targets, recall bias, 
high levels of stigma and judgment may all affect these inconsistencies. They may 
also represent some barriers to communication that are not being addressed.   
 
Factors affecting outcomes identified in the study included maternal obesity and 
child BMI/BMI z-score.  Maternal obesity appeared to be a barrier to both the 
discussion of high BMI at the B4SC and accessing of the services when a child was 
referred.  This may be affecting some of the most at risk children, with genetic or 
environmental factors giving them increased risk of ongoing obesity.  With an 
assumption that mothers are the most frequent caregiver attending the B4SC 
appointment and future intervention appointments, it appears that stigma around 
this issue is heightened if the parent of the child also has a high BMI, and avoidance 
appears a common strategy (by both parent and B4SC staff).   
 
Children attending the interventions they had been referred to had a higher mean 
BMI, suggesting it was a motivating factor.  This may reflect the fact that often 
parents are unaware of their children having a high BMI until it is extreme.  It is 
well documented in the literature that parental perception of child’s BMI is poor 
and only 50% of parents will recognise their child as having a high BMI (R. W. 
Taylor, Williams, et al., 2015).  Identification rates in the pre-school age may be 
significantly lower (Carnell et al., 2005; D. T. Duncan et al., 2015).  Public health 
education strategies are likely needed to educate the public around what a healthy 
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BMI is in this age group if we are to increase motivation to attend available 
interventions earlier. 
 
There appears to be a reduction in BMI-Z score both overall and in all of the groups 
compared, during the 12 month follow-up period. This would appear to be a key 
positive outcome from the B4SC programme, but there are many factors that could 
explain what this apparent “positive outcome” means. It could in fact be a 
reflection of an impact of the B4SC discussion regarding high BMI or the B4SC 
itself. It may be a reflection of measurement error (we had many reports of B4SC 
measurements being performed with large winter jackets on, while the study 
measurements were performed according to strict protocol of light clothing only 
– this would result in overall “lighter children”).  It could also be a reflection of 
“regression towards the mean”.  We have a group of children who are well outside 
the normal range in regards to their BMI and research suggests that following this 
cohort their BMI z-scores tend to “regress towards the mean” over time naturally.  
It is difficult to determine what the cause was as we had no control group in our 
study.  The only way to in fact know would be to have a control group without a 
B4SC – difficult in this population with such high rates of participation with B4SC 
(up to 92%).  What was interesting was that there was no difference between the 
children who had attended interventions and those who had not in regards to their 
BMI Z-scores, suggesting a lack of effectiveness.  This puts into question whether 
the referrals are necessary at all. 
 
The limitations to this study include its retrospective nature and the possibility of 
recall bias when parents recall the experience of services offered a year prior.  
Targeting parents at the time of the B4SC encounter would have been preferable, 
but not possible for this project.  We would recommend this for future studies. 
 
The size of the study (104 participants) also limited our ability to compare 
between groups and examine inequities.  It is quite possible that with a larger 
sample size and greater power, significant differences in growth and QOL 
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outcomes for those exposed to supports may have been found.  The contact details 
provided to us were from the time of the B4SC, making them a year old.  This may 
have affected the recruitment rate due to them being out of date.  We attempted to 
contact families via postal letter, and received poor response via this method.  Few 
people use physical mail today, and using electronic contact may have been more 
successful.  We also had no incentives available for the study, and this may have 
improved our uptake.  
 
In order to make the study palatable, the study design was limited to include only 
a weight related outcome (BMI).  We would have liked to include a health related 
outcome such as blood pressure, lipid levels, glucose levels or exercise tolerance.  
We do note that with this design we would not have a control group of healthy 
children for comparison.  Having a BMI-change and QOL measure for healthy-
weight children would have allowed us to assess if the QOL of the group was 
typical, and assess if their BMI was tracking typical for age in this population (no 
differences were noted between groups).   
 
The recruitment rate for this study was low at 12%, which suggests that there is 
likely to be significant recruitment bias.  The fact that the rate was so low in itself 
is very interesting.  Although there were no demographic features identified to 
differentiate between those in the study and those not, it may be that those who 
participated could be separated by other factors such as their willingness to 
engage in services, a positive/negative view of the health system, or their 
experience at the B4SC.  Written feedback received from those who declined the 
study suggested a negative experience at the B4SC, which may be affecting not only 
recruitment into this study, but also willingness to engage in health services.  For 
example, one response was to write on the reply form after the second recruitment 
letter “go away, I find this highly offensive”. 
 
For future similar studies we would recommend getting consent from families at 
the time of the B4SC, as well as including all children rather than just the children 
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identified as having high BMI.  This will allow including a control group for change 
in BMI and QOL, but will also decrease the stigma attached to similar studies.   
 
4.8 Conclusion 
The results above have implications for service delivery.  Currently the B4SC 
Referrals do not appear to be meeting Health targets with rates of referrals low.  
On top of this, once referred the uptake of those services is also low.  However 
there was no evidence of effectiveness for those who did attend the interventions, 
putting into question whether the original target should have been an outcome 
measure, to ensure efficient use of resources, and questioning whether the 
referrals are the right use of valuable resources. 
Factors such as difficulties with communication and stigma around obesity may be 
affecting the number of referrals, and it appears maternal obesity may exacerbate 
this.   Availability of services may also play a part.   Further studies may be needed 
to understand how to address these issues at the B4SC, as if caregivers become 






5 Paper Four: The Kids BMI Study: Why 
Families Don’t Engage With Healthy Weight 
Interventions 
5.1 Preface 
This chapter contains an original manuscript entitled “The Kids BMI Study: Why 
Families Don’t Engage with Healthy Weight Interventions””.  It has been submitted 
for review with British Medical Journal Paediatrics Open. 
 
The first Kids BMI study (detailed in Chapter 4) suffered poor recruitment and 
highlighted several issues regarding communication at the point of obesity 
identification during the B4SC.   
 
The literature review suggested that parents often do not identify their children as 
having a high BMI, often struggle with the terms used to describe obesity, with the 
terms preferred varying across cultures.  Addressing obesity can be avoided by 
many health professionals even though having this conversation is vital.   
 
Due to the above issues a parental survey was devised with the aim of exploring 
parental preferences in regards to the conversation around advising a parent their 
child has a high BMI.  Currently there is little research regarding this in the NZ 
population and having local data will be helpful to ensure that this clinical 
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Healthy Weight Interventions 
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5.2.1 Statement of Contribution 
The concept for this study was conceived amongst all contributing authors.  The 
study was further refined and research protocol written by G Dainty.  Ethical 
approval was sought through HDEC by G Dainty.  Study data was obtained by G 
Dainty.  Data analysis, statistics, and first draft of the manuscript were completed 
by G Dainty.  All authors subsequently helped revise the manuscript to its final 
version.  G Dainty has given poster and oral presentations of the research at 







One third of children in New Zealand are over a healthy weight and require intervention 
from clinicians to ensure health is optimised.  This may require referral to community 
interventions to enhance lifestyle.  Previous studies have suggested negative 
experiences when discussing high BMI in children, and poor adherence to interventions.  
This study aimed to identify barriers to engagement in community interventions for 
childhood obesity through exploring parental experiences of the growth discussion 
held at the B4SC. 
5.3.2 Methods 
The caregivers of children in the South Island identified as having a BMI >98th centile 
at their B4SC between November 2016 and October 2017 (839) were invited to 
participate in the original arm of the Kids BMI study regard- a one year follow-up home 
visit to evaluate growth, quality of life and explore the interventions they had received. 
Those that did not respond to two invitations (529) were then asked to participate in this 
survey based study regarding their experiences of the discussion around growth at 
the B4SC. 
5.3.3 Results 
Written surveys were completed by 43 families (8%) and reported discussion of 
child’s growth to be occurring in 88% of B4SC visits (although descriptions of 
weight ranged from obese to healthy).  78% of caregivers were happy with the 
words used to describe their child’s weight.  Themes identified in comments 
included; inconsistency of messaging, not feeling listened to, underlying 
perceptions of weight or health, and emotion/stigma around childhood obesity. 
5.3.4 Conclusion 
In order to have maximum service uptake the initial conversation informing a 
parent that their child is obese needs to be optimised to ensure ongoing positive 
rapport.  The B4SC programme shows several flaws as a screening programme 
suggesting population–based approaches may be a more suitable approach to 




5.4.1 Childhood Obesity in New Zealand 
 
Childhood obesity is a critical health concern in New Zealand (NZ) with one third 
of children over a healthy weight (Ministry of Health, 2018b).  Rates in the United 
Kingdom are similar with 28% of 2-15yr olds overweight or obese (NatCen Social 
Research, 2017).  The NZ Government aims to address this through identifying 
and targeting children with the highest BMI (>98th centile) in the Before School 
Check (B4SC) Referrals initiative introduced in 2015 (Ministry of Health, 2017).  
The B4SC is a free health and developmental screening programme of four year 
olds in NZ (Ministry of Health, 2014b).   District Health Boards (DHBs) are 
required to offer the B4SC to a minimum of 90% of their eligible and high 
deprivation populations of four year olds, and latest figures show that 92% of the 
eligible population receive this (Ministry of Health, 2016c).  The ‘Raising Healthy 
Kids’ health target is that  caregivers should be informed of a high BMI, and 95% 
of children referred for a health check and community interventions.  The 
availability and evidence base for these interventions is variable throughout New 
Zealand.  Throughout the South Island and its five District Health Boards, some 
locations are able to offer multiple services, while others such as the West Coast had 
no specific evidence based interventions available for referral at the time of this study. 
 
5.4.2 The Kids BMI Study   
 
The original Kids BMI study was set up to evaluate the B4SC referrals initiative by 
examining its uptake and impacts.  It followed a cohort of children found to have a 
BMI >98th centile at their B4SC to evaluate their growth, service uptake and quality 
of life.  During the conduct of the study it became apparent that recruitment was 
significantly affected by prior exposure and experience of the health service.  
Specifically, some feedback suggested negative experiences regarding the 
discussions around growth at the B4SC.  Therefore this secondary study was 
introduced to explore these experiences. 
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5.4.3 Discussing a child’s high BMI 
 
The discussion around a child’s high BMI can be difficult.  Research suggests that 
only 50% of parents are likely to be aware of their child’s weight status (M. W. 
Campbell, Williams, Hampton, & Wake, 2006; Carnell et al., 2005; Eckstein et al., 
2006; Jones et al., 2011), and this recognition may be lower with younger children 
(M. W. Campbell et al., 2006; Carnell et al., 2005; Eckstein et al., 2006; Jones et al., 
2011).  Stigma around obesity has also been well documented (Hunger et al., 2015; 
R. Puhl et al., 2013; R. M. Puhl & Heuer, 2010; Robinson & Sutin, 2017).  Many 
health professionals often fail to address this issue in clinical practice (Barlow et 
al., 2002; Benson et al., 2009; Brady et al., 2016; M. Campbell et al., 2013; 
McClintock & Hedge, 2009; O'Brien et al., 2004; Patel et al., 2010) which may be 
due to many factors including low rates of measurement, poor visual recognition 
of high BMI, a belief that there are no successful interventions, fear of the reaction 
to the discussion or other communication barriers (Barlow et al., 2002; M. 
Campbell et al., 2013; McClintock & Hedge, 2009).   
 
A recent review of how best to communicate weight based topics with children 
and families (McPherson et al., 2017) identified only one study that looked at the 
parent’s reaction to being informed that their child is overweight.  Toftemo et al 
2013 (Norway) interviewed 10 families about their experiences when their child 
was identified as overweight.  This identified issues such as whether the child was 
in the room, parents’ weights, and other family members as being factors to 





5.4.4 The Aims of this study 
 
This study was set up with the aim of gaining insight into the discussions being 
held regarding growth in those with high BMI at the B4SC.  We aimed to discover 
how the discussions were being carried out, explore caregiver preferences, and 
gain insight into possible barriers to engagement in community interventions for 
childhood obesity.  The study also had the ability to provide what might be unique 






5.5.1 Study Design/Participants 
 
The Kids BMI Study was performed in two parts.  Both parts involved a cohort of 
4 year old children involved in the B4SC Referrals initiative in the South Island 
between November 2016 and October 2017.  All participants were identified 
through the MoH B4SC program.  Any child with a BMI in the obese range (BMI 
>98th centile) who lived in the South Island of New Zealand was invited to enter 
the study.  A flow diagram of recruitment can be seen in Figure 11.  No families 
were no excluded from the study.   
 
Figure 11  Description of recruitment of children with BMI > 98th centile into the Kids BMI Home visit and Caregiver 
Survey studies 
 
The original part of the study involved inviting these children to partake in a home 
visit one year after their B4SC to assess their growth (change in BMI z-score), 
involvement in community intervention programmes and QOL.  839 eligible 
children were identified and 104 families participated. 
If participants did not reply to two invitations to the home visit, they were then 
invited to instead participate in this brief 12 question written postal caregiver 
survey (Appendix E), to be filled out by one caregiver who was present at the B4SC.  
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The questionnaire was made up of free text fields, Likert scales and closed 
questions.  An option was given to have an assistant research fellow ring and talk 
through the survey questions.  Recruitment occurred between November 2017 - 
October 2018.  529 children were identified for this study.  Written consent was 
obtained from the caregivers (Appendix E). 
 
5.5.2 Data Analysis 
 
As mentioned above, the Kids BMI study is made-up of two studies; a home visit 
study and this qualitative survey study.  Data analysis involved comparing the 
demographic data of those that participated in the caregiver survey to those that 
did not participate in either study.  The MoH provided full demographic data for 
those that had consented to be in the study, and limited data in a de-identified set 
for those that had not. Data were analysed comparing demographics of those in 
the survey to those who chose not to participate in either of the Kids BMI studies 
using STATA 13.0 StataCorp LP, College Station, USA.  Fishers exact and Chi-square 
analyses was used for categorical data, and t-tests for continuous variables.  Age 
was not available for those not in the study, so was estimated according to the 
average age of children involved in the Kids BMI survey study, for the purposes of 
calculating a BMI z-score. Free text within the surveys were indexed, identifying 
clear links in the raw data and highlighting key themes using the general inductive 
approach (D. R. Thomas, 2006).  
 
5.5.3 Ethical Approval 
 
Ethical approval for the study was gained from the Health and Disability Ethics 
Committee New Zealand (17/NTB/91/AM02) – Appendix B.  The five involved 
District Health Boards gave locality approval, and the MoH gave approval to access 
B4SC demographic data for the participants.  Consultation was also undertaken 
with the Ngai Tahu Research Consultation Committee as well as a local Māori 




A total of 529 families were sent surveys and we received completed surveys from 
43 caregivers (8%).  All respondents completed the questionnaire via paper survey, 
with none choosing a telephone survey.  Not all respondents answered all questions in 




There was no statistically significant difference between those in the study and 
those who did not participate in regards to sex, distribution or socio-economic 
status as seen in Table 19.  Despite our low study numbers, a statistically significant 
difference in ethnicity between those who were in the study, and those who did not 
participate was seen (P=0.04). European participants are over-represented in the study, 
and those of Maori and Pacific Island ethnicity are under-represented.   
The mean BMI was lower in the participants at 19.4 ± 1.2 compared to 20.0 ± 1.9 
in the non-participants, but once adjusted for age and sex the BMI z-scores were 





Table 19 Demographics of those in the Survey compared to those who chose not to participate in the Kids BMI 
study 
 Caregiver Survey 
Participants (43) 
Not in Study (693)  
Male 28 (65.1%) 401 (57.9%)  
Female 15 (34.9%) 292 (42.1%) P=.3 
SES   P=.3 
    Low SES  10 (25.6%) 272 (39.2%)  
    Middle SES  8 (20.5%) 150 (21.7%)  
    High SES  21 (53.8%) 269 (38.8%) P=.3 
Ethnicity   P=.04 
    European 27 (67.5%) 394 (56.9%)  
    Maori 5 (12.5%) 165 (23.8%)  
    Pacific Island 1 (2.5%) 76 (11.0%)  
    Asian 5 (12.5%) 43 (6.2%)  
    Others 2 (5.0%) 15 (2.2%)  
Mean BMI 19.4 ± 1.2 20.0 ± 1.9 P=.03 
Mean BMI Z-score 2.5 ± 0.6 2.7 ± 0.9 P=.2 
SES – Socioeconomic status; BMI – Body mass index 
Figures given as number (percentage) or mean ± standard deviation 
 Fisher Exact Probability Test used to analyse ethnicity, Chi-Square Test for SES and Sex 
T-test used to analyse continuous variables 
 
 
5.6.2 Discussion of High BMI 
 
The child’s weight was reported to be discussed in 88.4% (38/43) of the B4SC’s.  
If weight was discussed, caregivers were asked to tick from a list of options, or list 
in free text, which words were used to describe their child’s weight.  ‘‘High BMI’ 
was the most common word used to describe the children’s weight, in 30.2% 
(13/43) of surveys.  There were many other words used, see Table 20.  Those 






Table 20 Words reported by caregivers to have been used at the B4SC to describe the child's weight 
Word Number 




Increased weight 5 
Unhealthy Weight 4 
Chubby 2 
Normal 1 
Not too bad 1 
Healthy 1 
Healthy weight 1 
B4SC – Before School Check; BMI – Body Mass Index 
 
Caregivers were ‘happy’ with the words used in the discussion in 78.4% (29/37) 
of surveys.  Those ‘not happy’ had had their child described as ‘obese’ or ‘chubby’ 
in 7/8 of the B4SC visits. 
 
A second free text question was used to ask “What do you think is the best word 
for health professionals to use when talking about children with increased 
weight?”  Caregivers suggested health professionals should use ‘High BMI’ and 
‘Unhealthy weight’ most commonly 20.7% (6/29)  when talking about children 
with increased weight, but the answers were variable, with 11 different 





Table 21 Caregiver suggestions for what words health professionals should use to describe children with increased 
weight 
Word Number 
High BMI 6 
Unhealthy weight 6 
Big 3 
Overweight 3 
Increased weight 3 
There is no right word 2 
Larger than average 1 
Heavier than recommended 1 
Chubby 1 
Weight to height ratio 1 
Obese 1 
I don’t mind 1 
BMI – Body Mass Index 
 
Discussion of the child’s weight was reported to occur in front of the child in 79.5% 
(31/39) of cases.  Caregivers reported this as being “OK” in 51.2% (21/41) of 
surveys. The most common reason given for not being happy with this was “the 
risk of damaging the child’s self-esteem”, given in 58.6% (17/29) of surveys.   
 
When asked if they agreed with the assessment of their child’s weight, 32.5% 
(13/40) agreed, 20.0% (8/40) were neutral, and 47.5% (19/40) disagreed with 
the assessment.  For those that disagreed with the assessment, the most common 
reason given was “I do not believe my child looks overweight”, given by 89.5% 
(17/19) of caregivers.   
 
Caregivers were also asked ‘overall how happy they were with the discussion of 
their child’s weight?’. 26.8% (11/41) reported being “happy”, 53.7% (22/41) 
reported being “OK”, and 19.5% (8/41%) reported being “unhappy” with the 
discussion.   
 
Free-text comments following open ended questions associated with this question 
were analysed for common themes, and revealed that the three groups had 




Those that recalled being “happy” with the discussion had one main theme; that 
the child had been assessed as healthy at the time of the B4SC (6 comments).  
Those “OK” with the discussion had three key themes.  Firstly they were 
appreciative of the staff at the B4SC (6 comments), secondly, the caregivers 
recalled their children to be fit and healthy and did not believe their child to be 
overweight (16 comments), and last, again the B4SC nurse had no concerns 
regarding the weight of the child at the time of the B4SC (5 comments).  Those who 
recalled being “unhappy” with the discussion had two main themes.  Firstly that 
the discussion had not taken other factors into consideration, or that caregivers 
did not feel listened to (3 comments).  Secondly that other health professionals had 





Table 22 Example quotations from the free-text section of the parental survey, Kids BMI study 
Answers within the free-text Themes identified within the answers Example Quotes 
Caregivers ‘happy’ with discussion The child had been assessed as healthy at the 
B4SC 
“[the nurse] words: He’s happy and healthy – good work mum!” 
“[the nurse] said he was doing fine” 
“At our B4SC the nurse advised my child was at a healthy height/weight” 
Caregivers ‘OK’ with discussion Caregivers were appreciative of the staff at the 
B4SC 
 
“my child had a fantastic, polite and knowledgeable B4SC nurse” 
“The nurse was great” 
“Nurse was lovely” 
 Caregivers believed their children to be fit and 
healthy and did not believe their child to be 
overweight 
“I'm proud of my child's activity and eating” 
 “He's as strong as an ox and both gene pools have a huge amount of strength and are solid, not 
tubby” 
“My son whilst on the heavier scale is in proportion and very healthy and active with a healthy diet. 
Therefore I don’t' feel he is at risk of having long-term weight problems” 
 The B4SC nurse had no concerns regarding the 
weight of the child at the B4SC 
“referrals were not considered necessary by our nurse” 
“I thought it a waste of time. I got the impression the nurse thought it was not appropriate for my 
child also” 
Caregivers ‘Unhappy’ with discussion The discussion did not take other factors into 
consideration/caregivers did not feel listened to 
“I showed her his stomach so that she could see that there was no excess fat there. None of this was 
taken into consideration and the result was purely based on calculated BMI” 
“I feel the nurse who we dealt with did not take any other factors into account when we went for the 
check-up” 
“I was then shown a chart on what I should be feeding my son. I felt frustrated that I was told what I 
should be feeding my son, when I felt that I had been providing a healthy diet for my son and that 
none of what I had said had any influence on the outcome” 
 Other health professionals have not raised the 
issue previously 
“2 weeks prior the GP said her weight was totally fine so for the nurse to make a big deal and call 
her chubby was totally out of line. This was later discussed with the GP and she spoke with the nurse 
and told her it was inappropriate” 
“I paid to see a dietician who was impressed with [her] diet and offered no changes” 
“they seem happy at the hospital” 
General themes in open text Level of emotion/concern regarding stigma 
through-out the text was high 
“Hi I am saying no because I was absolutely appalled by my daughter being labelled obese at her 
pre-school check, as was the nurse… The initial label of “obese” was upsetting and bewildering…” 
“I worry some people may feel targeted when there is not a real cause for worry…” 
“Go away I find this highly offensive” 
 Caregivers did not believe that the BMI tool 
accurately reflected their child’s health status 
“I just think care needs to be taken as to whether a child is deemed overweight or yet to grow taller. 
BMI works for hardly anyone except athletes - a new system is needed asap” 
“A better assessment of overall health would be a preferable approach than a black and white BMI 
measurement as BMI would fluctuate a lot in kids when growth spurts happen” 
“I don't think BMI works especially well for any age person” 
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An area for free text was also provided to allow for comments regarding how the 
service may be improved.  Two main themes were identified.  Firstly the level of 
emotion and concern regarding stigma through-out the text was high (19 
comments).  Secondly was the fact that caregivers did not believe that the BMI tool 
accurately reflected their child’s health status at the time of the B4SC (10 






This study exploring growth discussions found that while discussions were 
occurring regularly, and the words used did not appear to be troubling, issues such 
as inconsistent messaging, and predetermined ideas regarding weight or health 
appeared to be influencing perceptions.  The underlying stigma and emotion 
around childhood obesity also appeared to have a significant impact on the 
conversation.   
 
The B4SC initiative brought out in 2015 suggests that all 4 year old children should 
have their growth monitored, and those in the top 2% should be referred through 
for a health check and community intervention.  This is based on limited evidence 
that community multidisciplinary intervention can lead to small improvements in 
BMI Z-scores in this age group, although there is no evidence that this will be a 
clinically significant improvement (Ho et al., 2012; Janicke et al., 2014; Oude 
Luttikhuis et al., 2009).  In order for an initiative like this to be successful, there 
would have to be well trained staff available to perform the screening, and then 
services available in the community to perform the interventions.    
 
Results from the study suggest that although all of the children in this study had a 
BMI > 98th centile, not all of the caregivers were informed that their children had 
a high BMI.   This appeared to have a direct effect on whether caregivers were 
happy with the discussion, with those informed that their child was healthy 
tending to be “happy”, and those that were informed of their child’s high BMI 
tending not to be.   
 
The words themselves appeared not to be an issue, with the majority being happy 
with the words used to describe their child’s weight.  Favourites included ‘High 
BMI’ and ‘Unhealthy weight’, while the least favourite words included  ‘Obese’ and 
‘Chubby’.  This would be consistent with the literature, with previous studies 
suggesting that colloquial terms such as chubby were not as acceptable as more 
140 
 
respectful terms such as unhealthy weight and high BMI (Bolling, Crosby, Boles, & 
Stark, 2009; R. Puhl et al., 2013; R. M. Puhl, Peterson, & Luedicke, 2011). 
 
The concern expressed around labelling and targeting associated with stigma 
around childhood obesity (R. M. Puhl & Heuer, 2010)  is likely to be having a 
significant effect on how caregivers receive the information being portrayed.  
Caregivers also suggested that the discussion only took BMI into account, and that 
they did not feel listened to.  This was in conjunction with some caregivers 
believing their children to be healthy despite having a high BMI.  This should be 
explored through a thorough history and examination to identify if the high BMI 
represents obesity or poor health.  The Raising healthy kids health target suggests 
all children identified with high BMI at the B4SC are referred for a health 
assessment as well as community intervention.  The guideline for nurses in the 
Well Child/Tamariki Ora Programme Practitioner Handbook (see Figure 12) does 
not however mention referral for a health assessment.  It is therefore unclear if the 
nursing staff are aware of the need for this step before a diagnosis or ‘label’ of 
obesity can be applied. The addition of measuring waist circumference for those 
with a high BMI and identifying those with a waist:height ration of >0.5 as needing 
referral could be considered (R. W. Taylor, Williams, et al., 2008; R. W. Taylor, 




Figure 12 Guidelines from the “Well Child / Tamariki Ora Programme Practitioner Handbook: Supporting families 
and Whanau to Promote their Child's Health and Development”; Open Access 
 
Many caregivers simply believed that their child did not have a high BMI.  This 
likely reflects the fact that our current rates of obesity are high and alter our 
perception of “normal” body profile.   
 
Other caregivers mentioned that other health professionals had not mentioned 
that their child had a high BMI, or did not back up the message of the B4SC nurse.  
It is a health practitioner’s role to identify and manage childhood obesity as part 
of holistic health care.  Even if the child presents with a completely different illness, 
if the high BMI is not addressed, then many childhood illness will not be properly 
resolved until their growth is also addressed. This comment also highlights that 
WHO growth standards are recommended nationally and are used in the B4School 
checks, but our primary care systems and some secondary care providers, at the 
time of this study were still using CDC standards, which may be miss-classifying 
some children and contributing to this confusion.  
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The B4SC was brought in with the ideal of early identification of childhood obesity 
and ensuring early intervention.  This will only be successful if the screening put 
in place is adequate and the interventions effective. 
This study suggests that the current screening for childhood obesity is not 
adequate.  According to the Framework for Screening Programmes; National 
Screening Unit New Zealand, a screening programme must include: “a suitable test, 
an effective and accessible treatment or intervention for the condition identified 
through early detection, high quality evidence, ideally from randomised controlled 
trials, that a screening programme is effective in reducing mortality or morbidity, 
and the potential benefit from the screening programme should outweigh the 
potential physical and psychological harm (caused by the test, diagnostic 
procedures and treatment).  The health care system should also be capable of 
supporting all necessary elements of the screening pathway, including diagnosis, 
follow-up and programme evaluation” (Ministry of Health, 2005).  There is 
currently no high quality evidence that this programme will improve outcomes for 
this population.  This study suggests the screen is not being performed to a high 
standard, and those receiving the screen may be exposed to psychological harm.  
The health system is also far from capable of providing all necessary elements, 
with few community intervention programmes actually in existence.  This raises 
questions around the suitability of the screening programme introduced, and 
whether this is the best use of public funding or whether the government should 
be focussing on more population-based approaches with a greater evidence base 
such as food labelling initiatives, promoting safe recreational spaces, food taxes 
and initiatives, and social marketing campaigns to increase community 
engagement (World Health Organistation, 2012).  Although benefits are seen in 
the B4SC system through the collection of population data, this interaction may be 
better served simply giving healthy lifestyle advice to all families, and avoiding the 






5.7.1 Strengths and Limitations 
 
This study had several limitations.  The study included 43 caregivers, and was 
smaller than we had wanted.  This limited the ability to compare between groups 
e.g. ethnic groups/SES.  Future larger studies would further explore these 
differences.  There were low numbers of Maori and Pacific Island ethnicity 
respondents, making it difficult to generalise these results across these groups.    
This population is at high risk in regards to obesity and their voice in this study would 
be valuable.  It is hard to know whether the low response rate in this study represents 
negative encounters and disengagement, or other issues with recruitment to the study.   
 
As the recruitment rate was low (8%), the study is also open to recruitment bias.  
As mentioned there were differences in ethnicity but no other demographic 
features between those that entered the study and those that did not, but it is 
possible that there are other features that separate the two groups.  For this study 
we recruited from a group of ‘non-responders’ who had already not responded to 
two invitations to join the home visit portion of the Kids BMI study.  Those that 
now chose to respond may vary in their views of the health system, their 
experience at the B4SC, or willingness to engage with services altogether. This 
limitation highlights the need for a further study with prior consent gained at the 
time of the B4School check to get a more representative sample of what is 
happening to the majority. It is possible, indeed likely that those not responding to 
this third attempt to make contact, had even more aversive conversations.  This is 
a survey based study with qualitative components, allowing people a voice, which 
as such has gathered extreme views from people engaged to respond to the survey.  
It is not representative of the entire population (many of whom would have been 
quite comfortable with their interaction at the B4SC), but representative of a 
portion of society whose voice is important to be heard, if it means we can improve 




This is a retrospective study, and so is subject to recall bias.  The caregiver survey 
was filled out a year following the B4SC, increasing the risk of this.  Although recall 
bias can harbour views from either extreme, this study appears to have only attracted 
the more negative experiences.  Targeting the caregivers at the time of the B4SC 
would have been preferred but unfortunately was not feasible for this project.   
 
A question regarding what the caregivers had been told about their child’s BMI 
was not included in the survey (as it was incorrectly assumed they would be 
informed of a high BMI).  Clarifying the outcome of the discussion formally would 
have been helpful. 
 
The study does however have strengths in that personal experiences of caregivers 
attending the B4SC have been documented, gaining insights and different 
perspectives to that of policy-makers.  Where the initial arm of the Kids BMI study 
suggested concerns regarding communication, we were able to research and 
document these directly within the same population.  Despite the small sample 
several gaps in practice were evident regarding the B4SC referrals initiative from 
its ability to screen effectively and then its capacity to provide services.  It 
identified that the B4SC is likely to be disengaging some of the families it is trying 
to help due to failures in communication.   
 
For the future, a more thorough qualitative approach in terms of timely focussed 
interviews, ensuring purposive sampling to get a representative sample for 
demographics including SES and ethnicity would be important to cement these 









Childhood obesity is an important health issue that must be addressed, but the 
current programme requiring screening at the B4SC appears flawed.  There is no 
evidence base regarding its effectiveness, the current study suggests it is not 
considered acceptable by families (where harm may outweigh benefit in regards 
to future disengagement), and the health system is not set-up to provide services.  
Funding may better be streamed into population-based approaches that show 





6.1 Main Findings 
This thesis explored interventions for childhood obesity in New Zealand.  It adds 
to the literature by describing that the incidence of childhood obesity in the 
secondary care population of Southern New Zealand who had their weights and 
heights recorded is higher than in the general population.  It also explored the 
introduction of electronic growth charts and their utilisation for growth 
monitoring and management and found the uptake of electronic growth charts to 
be excellent, with high rates of use, without errors.   The management of obese 
children in the secondary care setting was investigated specifically.  Rates of 
clinical management of obese children presenting to secondary care were low, 
consistent with previous literature.  Children of Maori and Pacific Island culture 
also consistently received even lower rates of management. 
 
This thesis also investigated the impacts of community intervention programmes 
for pre-schoolers with obesity.  Although uptake in the study was poor and no 
impact was found from the programmes themselves, other factors were found that 
affected referral to and uptake of services that may have clinical impact, including 
maternal BMI, and degree of child BMI.  Due to the low recruitment and feedback 
in the initial arm of the Kids BMI Study a follow-up study was performed which 
looked into the parental perception of communication around childhood obesity 
using qualitative research to assess how we can improve communication with 
families to increase the uptake of these programmes.  This found several factors to 
be influencing the parental experience of the conversation around their child’s 
weight, including consistency of messaging, preconceived ideas around health, as 
well as the stigma associated with obesity. 
 
Growth monitoring can be seen as the first step in preventing childhood obesity.  
Without monitoring a child’s growth, those needing intervention cannot be 
identified.   As previously discussed, traditionally monitoring has been performed 
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using paper growth charts, but electronic growth charts are being introduced to 
improve efficiency.  There are no other studies looking at uptake or efficiency of 
electronic growth charts.  Chapter 2 outlined a study performed as part of this 
thesis showing that with the introduction of electronic growth charts errors are 
low (0.2 %) and levels of growth recording are improved on those previously 
recorded in the literature for paper charts (Cummings et al., 2005; Lek & Hughes, 
2009).  This paper provides evidence to suggest that electronic growth charts can 
be taken up by clinical service providers, and can be used effectively with lower 
error rates than seen in paper growth charts and improved rates of use.  
 
The introduction of an electronic growth database also provides opportunity for 
population monitoring not previously available.  In this study we were able to 
document the rates of overweight and obese children presenting to the secondary 
care population being studied - research not previously documented.  Rates in the 
secondary care were higher than the general population (39.4% of children over a 
healthy weight compared to 32.5% of the general population) (Ministry of Health, 
2015a). Children presenting to secondary care are at greater risk of overweight 
and obesity, and clinicians should be paying close attention to the anthropometry 
and ensuring clinical intervention is maximised. 
 
Following the review of the introduction of electronic growth charts, it was 
important to ensure that clinicians were following this up with the appropriate 
clinical intervention for those who presented as obese.  The clinical audit 
performed (Chapter 3) identified significant gaps in the management with only 
45% of obese children presenting to secondary care at SDHB receiving a diagnosis. 
This was consistent with international literature where rates of diagnosis have 
been found between 18-54% (Barlow et al., 2002; Benson et al., 2009; Brady et al., 
2016; Dorsey et al., 2005; O'Brien et al., 2004; Patel et al., 2010).  This study also 
found rates of diagnosis lower in younger children and males.  Again this was 
consistent with the current literature.  What was interesting in this study was that 
overseas diagnosis is more common in black and Hispanic children, but we found 
that rates were lower in children of Maori and Pacific Island ethnicity   There 
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remains a lack of specific clinical research regarding the Maori and Pacific Island 
child population despite their high clinical need.    The findings in Chapter four of 
this thesis, looking at the B4SC growth discussion may however give us some clues.  
This study found that the discussion regarding high BMI was less likely to occur if 
maternal obesity was present.  We know that the adult Maori and Pacific Island 
population in New Zealand have much higher rates of obesity in New Zealand 
(48.2% of Maori and 66.2% of Pacific Island adults) than for European families 
(29.1% of adults) (Ministry of Health, 2019).  This in itself may decrease the rates 
of the discussion (or diagnosis) in children of Maori/Pacific Island ethnicity.  How 
this corresponds to the international context, where Black and Hispanic children 
also have higher rates of obesity, but receive higher rates of clinical management, 
is unknown. 
 
Overall, levels of clinical management were low and investigations often appeared 
to be ordered ad-hoc, following no format.  No guidelines were in place locally at 
the time of this study, leaving clinicians to search further afield, or use clinical 
judgement alone.  This raises questions about the suitability of services being 
utilised and the need for education of staff.  Despite no local guidelines being in 
place, multiple well known guidelines are available for use by any clinician 
including the Ministry of Health Clinical Guidelines for Weight Management in 
New Zealand Children and Young People, the American Academy of Paediatrics 
Expert Committee Recommendations Regarding the Prevention, Assessment, and 
Treatment of Child and Adolescent Overweight and Obesity and the Endocrine 
Society Clinical Practice Guidelines, to name a few.  While each has subtle 
differences in their recommendations regarding frequency of investigations, they 
are all good resources for clinicians in everyday practice. 
 
The Kids BMI study moved the research on childhood obesity into the community.  
Research suggests a behavioural family lifestyle approach through a healthy diet, 
increased physical activity, less sedentary activity, sufficient sleep and behavioural 
strategies shows the best outcomes for childhood obesity (Janicke et al., 2014; 
Oude Luttikhuis et al., 2010; Whitlock et al., 2010).  These outcomes are 
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statistically significant, but systemic reviews have not shown large effect sizes that 
reflect clinical significance, especially of the size that one might expect to reflect in 
a real life context (outside the research setting).  Long-term follow-up has also 
failed to show lasting effects from the interventions. 
The B4SC referrals initiative initiated as part of the Childhood Obesity Plan 
through the NZ MOH aimed to refer any 4yr old found to have a BMI in the obese 
range to appropriate community interventions.  Interestingly the health target set 
by the Government was a referral target of 95% of all 4yr olds with a high BMI to 
be referred to a health check and community intervention.  No outcome measure 
was set.   
In regards to the study, this suffered poor recruitment, but the feedback received 
was helpful in itself in understanding the factors that may be affecting uptake of 
the services and directing our future research.   
 
The study did find that levels of referrals to health assessment or community 
intervention, as well as the uptake of those referrals were disappointingly low.  
The weight was discussed at 76% of the B4SC encounters in our study, referrals 
made for 49% of the children (to a health check, community programme or both), 
and that programme was attended by 26% of the children.   No impact on BMI or 
QOL was found for those that did attend the interventions.  What was found was 
that factors such as maternal BMI and child BMI z-score appeared to be affecting 
the outcomes at the B4SC.  When the child had a mother with high BMI, the 
discussion about obesity was less likely to occur at the B4SC, and the community 
interventions were less likely to be taken up, suggesting this was a barrier.  The 
children attending the community interventions had a higher mean BMI, 
suggesting it was a motivating factor.  These findings are not previously 
documented in the literature and present an interesting opportunity for clinical 
impact.  Targeting these high risk populations in the future with different 




The fifth chapter of this thesis followed on from the initial Kids BMI study.  The 
initial home visit study encountered unexpected negative feedback regarding the 
B4SC discussion around high BMI and it was decided to explore this further with a 
qualitative parental survey.  This initial conversation is important, as a negative 
encounter may affect the uptake of available services.   Conversations around this 
topic however are known to be difficult and health professionals are known to 
avoid this topic (Benson et al., 2009; Brady et al., 2016; M. Campbell et al., 2013; 
McClintock & Hedge, 2009; O'Brien et al., 2004; Patel et al., 2010).  There is little 
detail in the literature around the caregiver perspective of how the conversation 
should be carried out or the issues they had with it.  This study suggested several 
key findings.  The discussion was happening but often the parents were being 
falsely reassured; they were not upset by the words – more by the message itself; 
issues focussed around underlying stigma,  emotion and inconsistent messaging, 
and predetermined ideas regarding weight or health appeared to be influencing 
perceptions.  This research adds significantly to the literature as it comes from the 
parental perspective rather than the clinicians, giving some insight into how these 
conversations may be approached. 
 
The Kids BMI study was set up to evaluate the B4SC referrals initiative in regards 
to gaps in service delivery and impact of the programmes.  What quickly became 
evident was that there were significant issues around disengagement with both 
families and staff and this likely comes down to deeper issues.  This programme 
has been set up as a screening programme with the intention of early identification 
and intervention, but without any evidence base, resourcing or funding.   Staff have 
been left un-trained and in vulnerable situations, and are understandably avoiding 
communication they are untrained to perform.  Referrals are not being made to 
services that do not exist, and families are not attending services that do not meet 
their needs.  What is perhaps the most disturbing is the level of distress displayed 
by some families a year following the interaction at the B4SC.  The effect this has 
on their future interactions with the heath system is unknown.  No beneficial effect 
was seen from the community interventions themselves (which are poorly 
resourced and poorly attended), and this calls into question whether this 
programme is the best use of resources. 
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Overseas, health systems have tried similar approaches.  The US Preventive 
Services Taskforce recommends that all children over the age of six years should 
be screened for obesity, and those with obesity offered or referred to intensive 
weight management programs (Imoisili et al., 2019). As opposed to being set in a 
well-child service, this screening is performed by any clinician that sees children 
(generally Paediatricians).  A recent paper by Imoisili et al in America surveyed 
1023 clinicians who see Paediatric patients to see if they were aware of the US 
Preventive Services Taskforce recommendations (Imoisili et al., 2019).  Only 
24.6% of clinicians were aware of the recommendations and similar to our study 
only 53.5% made referrals to weight management programmes  (Imoisili et al., 
2019), echoing disappointing referral rates. 
But community interventions are not the only option for tackling childhood 
obesity and the UK has just brought out a public health campaign called “Better 
Health” which aims to improve population health through a series of 7 global 
strategies including food labelling, marketing restrictions, increasing supports and 
education (Dept Health and Social Care, 2020).  These strategies show better 
evidence for effectiveness and due to their global distribution may have less of a 






6.2 Strengths and Weaknesses 
 
One of the strengths of this thesis is the fact that it has used multiple 
methodologies to study the research aims, across multiple settings.   
 
The study of electronic growth charts (Chapter 2) involved a large cohort, and 
covered a long time frame of five years, allowing assessing of time trends with 
confidence.  The large numbers meant that the population was confidently 
representative of that presenting to secondary care.  A comparative audit of paper 
charts was not available to compare the use of paper growth charts, so comparison 
of use had to be made with existing research in regards to use and errors.   
 
The clinical audit (Chapter 3) was also a large cohort and again appeared 
representative of the population presenting to secondary care.  It was however 
retrospective, limiting analysis to documented information.  This was particularly 
important for clinical management documentation.   
 
The Kids BMI Study (Chapter 4) did have limitations regarding its size (104 
participants) and retrospective nature with parents having to recall the 
experience of services offered a year ago.  Targeting parents at the time of the B4SC 
encounter would have been preferable, but not possible for the project.  Due to the 
sample size we were not able to compare between groups for inequities, and larger 
group studies in the future may allow this.  With the low recruitment rate there 
was likely recruitment bias.  Demographic comparison did not highlight 
differences but there were likely differences in other factors such as their 
willingness to engage in services, a positive/negative view of the health system, or 
their experience at the B4SC.  Written feedback received from those who declined 
the study suggested a negative experience at the B4SC, which may be affecting not 
only recruitment into this study, but also willingness to engage in health services.   
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The survey based study (Chapter 5) also suffered some limitations.  It also had low 
recruitment (8%) and although the demographics were not differentiated, it is 
likely that again there were other factors separating these groups.  Again this study 
is retrospective, and will be subject to recall bias.  There are however strengths in 
this study.  In the initial arm of the Kids BMI study concerns were raised regarding 
communication, and we were able to research and document these directly within 
the same population, gaining insight into different perspectives to that of health-
carers or policy makers. These perspectives have been gained from a sample that 
demographically appears representative of the population in the South Island of 





6.3 What does this all mean? 
We do clinical research with the aim of improving the health of our population.  
The ultimate question therefore becomes – how will the findings of this thesis 
impact the general population?  What does this change in the clinical setting? 
 
Chapter 2 outlined a study looking at electronic growth charts for growth 
monitoring.  Up until recently in clinical settings paper growth charts have been 
used.  These have been plagued by issues including poor rates of use, high error 
rates with plotting, and the impracticalities of the growth only being able to be 
seen by the person holding the physical paper notes.  In order for a child’s growth 
issues to be addressed, their growth first has to be measured, plotted and then 
considered.  Paper charts do not automatically calculate BMI, and calculations 
rates of this are known to be very low when using paper charts.  This thesis has 
shown that electronic growth charts can be taken up by a department, and growth 
recording rates can be high.  This is encouraging for clinical application, where we 
want to ensure all children have their growth recorded, in order to detect any 
growth issues that require addressing.  The use of electronic charts can allow 
improved rates of growth recording, with few errors, meaning that growth issues 
are identified more often.   
 
The electronic growth chart system also allows for population data collection like 
we have not had previously in this context.  Previously this growth data was 
collected onto paper and lost, but is now stored in an electronic database and 
available for research purposes such has been performed in this thesis.  This is 
invaluable for improving the health of a population and can inform further 
practices, such as where gaps in service delivery lie. 
 
The current study suggests that the population presenting to secondary care has 
higher rates of overweight/obesity that the general population.  This is important 
to highlight to clinicians that this population is at risk as a reminder to have 
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increased care in growth monitoring and ensuring they take care to intervene.  
Highlighting this to clinicians may put growth issues on the radar, and lead to 
improved recognition, and hopefully intervention. 
 
Chapter three highlighted issues around clinical management that require 
addressing in the SDHB.  Children presenting with obesity received a diagnosis 
45% of the time.  Children with Maori or Pacific Island ethnicity had increased 
rates of obesity, but lower rates of clinical intervention.  The study in the 
community hinted that this may be due to maternal obesity being a barrier to 
communication, and highlighting this to staff to ensure they are aware of biases, 
and not unintentionally disadvantaging this high risk group of patients may be 
helpful.  
 
There was a lack of clinical guidelines regarding management of childhood obesity 
at the time of the study, which appeared ad hoc at times.  Clinically it will be 
important to provide clear guidelines to staff to ensure unnecessary investigations 
are not performed.  Guidelines have been developed through providers such as 
HealthPathways, and staff education around this will be important.  In doing this 
it is hoped that staff will feel empowered to act clinically, and that children will 
receive timely and appropriate intervention, and not receive unnecessary tests. 
 
Chapter four addressed the Kids BMI study, which evaluated the B4SC Referrals 
Initiative.  This study suggested a low level of referrals, especially when associated 
with maternal obesity which appeared to be a barrier.  In contrast a very high child 
BMI appeared to be a motivator and appeared to increase attendance at 
interventions.  This suggests a need to target these populations clinically.  These 
certainly represent two high risk populations (those children with the highest 
BMIs, and those with a family history of obesity).  Ensuring the clinical staff on the 
frontline are aware of the biases present is important to address any imbalance in 
intervention and change management.  Addressing the low levels of referrals, and 
attempting to understand the reasons behind the low uptake of services will be 
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vital for efficient services.  This study suggests that in the future more information 
should be collected around service uptake, rather than referrals to services in 
regards to health targets, as it cannot be assumed that patients will attend all 
services they are referred to.  It is also a timely reminder that health resources are 
slim, and should only be used when there is evidence that they will be effective, or 
can be applied efficiently.  A health target is no use if there is no way to achieve it.  
Otherwise, the dollars may well be better spent on other evidence based resources 
that are available. 
 
Chapter five gave insight into how the discussion about high BMI could be 
addressed.  Previous research has focussed on the clinician perspective, but this 
thesis was more focussed on the parental perspective.  It suggests that there are 
strong inherent emotive reactions that will severely affect future uptake of 
services if this conversation is not performed sensitively.  Acknowledgment of 
parental views of the child’s health and the efforts they are already making to 
ensure their child is healthy is key.  Ensuring all health professionals are giving 
consistent messaging is also important.  By improving the initial conversation, we 
hope to improve uptake of services available to patients.  Currently the B4SC 
conversation regarding high BMI is not acceptable to parents, and refocussing our 
efforts to other prevention methods may be more effective.  Re-focussing 
resources to population-based approaches may see more engagement, be more 






6.4 Directions for the future 
 
This research provided many answers but also raised many questions.  There are 
many opportunities for this research to be taken further in the future. 
 
The uptake of the electronic growth charts in the Southern DHB over the first five 
years was excellent.  It would be helpful to have a follow-on audit to examine 
whether this use continues, or drops off once this is “not novel” anymore.  The 
service has also had staff changes that mean that the system in outpatients is 
different and nurses no longer automatically enter the anthropometry into the 
system for the doctors, so rates may have dropped.  Other DHBs across NZ are now 
taking up electronic growth charts, and comparing their use would be interesting.  
Over time these systems will be taken up internationally and comparing to 
international literature will be possible. 
 
Now that other DHBs are using electronic growth charts, a wealth of population 
data will be available regarding growth.  Big data studies with accurate detail 
regarding our children’s growth will be possible if we have good rates of 
anthropometry entry and accurate measuring.  
 
In regards to clinical management, an excellent opportunity sits to give 
departmental education regarding obesity management, and perform a follow-up 
audit of management, to see if management can improve.  This may include 
updated guidelines and directing to this, educational tutorials or handouts. 
 
The differences in clinical management for children of Maori and Pacific Island 
children are interesting and important to address due to health inequities.  This 
may be best addressed through qualitative research (both aimed at the clinician 
and patient) looking at whanau preferences, and clinician barriers.  There is 
158 
 
nothing in the literature regarding this topic and this would prove very helpful for 
clinical management.  The contrast to international literature is interesting (with 
American literature showing increased rates of diagnosis in Black and Latino 
children who have higher rates of obesity), and exploring why this contrast exists 
would be valuable. 
 
In regards to the Kids BMI study, the aim was to evaluate the initiative and aim to 
improve the service going forward.  The MoH are now restructuring the B4SC and 
the B4SC referrals initiative may be adjusted.  The study does raise questions 
regarding the use of health targets.  The current health target was that 95% of 
children should be referred for intervention, with no measure of the number of 
people accessing interventions.  The study suggested that only half of those 
referred actually attended the intervention they were referred to.  It would seem 
more sensible to have an outcome based target putting pressure to get people 
engaged.  A bigger question is actually the question of whether referral to services 
is sensible if they show no improvement, and there is no evidence base for them.  
Should we be putting children through a screening programme which is causing 
distress, if there is no benefit? 
 
The Kids BMI study did raise issues around maternal BMI as a barrier to a child’s 
high BMI being discussed, or services being accessed.  There were other 
communication issues raised including false reassurances, inconsistent 
messaging, stigma and emotion and strongly held beliefs by caregivers that would 
be important to explore further through larger scale research, held at the time of 
the discussion.  To have a larger sample of caregivers and perform focussed 
interviews so that we can examine differences between ethnic and socioeconomic 
groups would be helpful.  Performing this study at the time of the discussion would 
be important.  There is little research in this area, and this conversation can mean 
the differences between accessing services or not.  The New Zealand population 







This thesis has examined several aspects of interventions for childhood obesity.  It 
has demonstrated that electronic anthropometry successfully allows increased 
rates of growth monitoring in many clinical settings.   Growth data is accessible to 
multiple clinicians across many locations making individual patient monitoring of 
growth very accessible.  Unfortunately this study suggests that even though a large 
proportion of the children presenting to secondary care are obese, rates of clinical 
intervention are unsatisfactory.  Young children, males and children of Maori and 
Pacific Island ethnicity need our attention the most, but are receiving less optimal 
care. 
 
In the community, the B4SC Referrals initiative does not appear to be meeting 
Health targets with rates of referrals low.  On top of this, once referred the uptake 
of those services is also low and no impact was seen from the interventions 
received.  Factors such as difficulties with communication and stigma around 
obesity may be affecting this, and it appears maternal obesity may also exacerbate 
this.   This research suggests that when first informing a caregiver that their child 
has a high BMI it is important that messaging remains consistent, and that 
professionals take caregivers preconceived ideas about weight and health into 
account.  This all brings into question the suitability of the B4SC as a screen for 
obesity.  Little evidence exists for community interventions for childhood obesity, 
as seen in this study.  This thesis suggests our health service may be better served 
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completed within three years from the date of this letter, re-approval or an extension of 
approval must be requested. If the nature, consent, location, procedures or personnel of 






Mr Gary Witte 
Manager, Academic Committees 
Tel: 479 8256 
Email: gary.witte@otago.ac.nz 
 
























Appendix B:  Kids BMI Study Ethics Approval 
 
Health and Disability Ethics Committees  
 Ministry of Health  
133 Molesworth Street  
PO Box 5013  
Wellington  












11 August 2017  
  
Professor Barry Taylor   
Dunedin School of Medicine  
University of Otago  
Dunedin 9010  
  
Dear Professor Taylor   
  
Re:  Ethics ref:  17/NTB/91  
  Study title:  Evaluation of Community Interventions for Unhealthy Weight PreSchoolers 
in the South Island  
  
I am pleased to advise that this application has been approved by the Northern B 
Health and Disability Ethics Committee.  This decision was made through the HDEC-
Full Review pathway.  
  
Conditions of HDEC approval  
HDEC approval for this study is subject to the following conditions being met prior to 
the commencement of the study in New Zealand.  It is your responsibility, and that of 
the study’s sponsor, to ensure that these conditions are met.  No further review by 
the Northern B Health and Disability Ethics Committee is required.  
  
Standard conditions:  
  
1. Before the study commences at any locality in New Zealand, all relevant 
regulatory approvals must be obtained.  
  
2. Before the study commences at a given locality in New Zealand, it must be 
authorised by that locality in Online Forms.  Locality authorisation confirms 
202 
 
that the locality is suitable for the safe and effective conduct of the study, 
and that local research governance issues have been addressed.  
  
Non-standard conditions:  
  
 Please use NZ spelling (programme), review for typos.  
 The Home ReSEACH Visits Booklet – please add information on Tikanga Maori.  
  
Non-standard conditions must be completed before commencing your study. 
Nonstandard conditions do not need to be submitted to or reviewed by HDEC before 
commencing your study.   
  
If you would like an acknowledgement of completion of your non-standard 
conditions letter you may submit a post approval form amendment. Please clearly 
identify in the amendment that the changes relate to non-standard conditions and 
ensure that supporting documents (if requested) are tracked/highlighted with 
changes.   
  
For information on non-standard conditions please see section 128 and 129 of the 
Standard Operating Procedures at http://ethics.health.govt.nz/home.  
  
After HDEC review   
 Please refer to the Standard Operating Procedures for Health and Disability Ethics Committees 
(available on www.ethics.health.govt.nz) for HDEC requirements relating to amendments and 
other post-approval processes.    
  
Your next progress report is due by 10 August 2018.  
  
Participant access to ACC  
  
The Northern B Health and Disability Ethics Committee is satisfied that your study is 
not a clinical trial that is to be conducted principally for the benefit of the 
manufacturer or distributor of the medicine or item being trialled.  Participants 
injured as a result of treatment received as part of your study may therefore be 
eligible for publicly-funded compensation through the Accident Compensation 
Corporation (ACC).  
  
Please don’t hesitate to contact the HDEC secretariat for further information.  We 
wish you all the best for your study.  
  




Kate O’Connor  
Chairperson  
Northern B Health and Disability Ethics Committee  
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Health and Disability Ethics Committees  
 Ministry of Health  
133 Molesworth Street  












05 January 2018  
  
Professor Barry Taylor   
Dunedin School of Medicine  
University of Otago  
Dunedin 9010  
  
Dear Professor Taylor   
  
Re:  Ethics ref:  17/NTB/91/AM01  
  Study title:  Evaluation of Community Interventions for Unhealthy Weight PreSchoolers 
in the South Island  
  
I am pleased to advise that this amendment has been approved by the Northern B 
Health and Disability Ethics Committee.  This decision was made through the HDEC 
Expedited Review pathway.  
  
Please don’t hesitate to contact the HDEC secretariat for further information.  We 
wish you all the best for your study.  
  








Kate O’Connor  
Chairperson  




Health and Disability Ethics Committees  
 Ministry of Health  
133 Molesworth Street  
PO Box 5013  
Wellington 6011  












13 March 2018  
  
Professor Barry Taylor   
Dunedin School of Medicine  
University of Otago  
Dunedin 9010  
  
Dear Professor Taylor   
  
Re:  Ethics ref:  17/NTB/91/AM02  
  Study title:  Evaluation of Community Interventions for Unhealthy Weight PreSchoolers 
in the South Island  
  
I am pleased to advise that this amendment has been approved by the Northern B 
Health and Disability Ethics Committee.  This decision was made through the HDEC 
Expedited Review pathway.  
  
Please don’t hesitate to contact the HDEC secretariat for further information.  We 
wish you all the best for your study.  
  





Kate O’Connor  
Chairperson  

















Appendix C:  Kids BMI Study Home Visits Information 
Sheets and Questionnaires 
 
        
 
To the Caregivers of: Child Name 
   Address 
 
When “name of child” had their B4 School Check, you should have received some 
information and support about height and weight.  We are working with the University of 
Otago who are doing a study to find out if you got this information and support and whether 
it was useful or not.   
Our B4School check team at Southern District Health Board are responsible for ensuring that 
the B4School checks are meeting the needs of families and children.  We would like to invite 
you to be part of this study. 
This study is important because it will help make sure children having the B4 School Check 
have access to the best possible care in the future.   
Included is an “Information Sheet” with details about the study.  Please read this.  We have 
also included a simple “Child Information Sheet” to help explain to your child about the 
study. 
 
To let us know if you want to help improve the B4 School Check by being part of the study, 
please contact the University of Otago researchers by: 
 




b) Texting them on 0212211182    or    Email them on kidsbmiproject@otago.ac.nz 
 With your child’s full name and YES or NO 
 
If you choose YES the researchers will contact you for follow-up and get formal 
written consent when we see you next 
 
If you choose NO, we will not contact you further 
    
 















To: Primary Care Providers        
South Island 
 
The Kids BMI Study 
Evaluation of Community Interventions for Pre-Schoolers with High BMI in the South Island 
 
What are we doing? 
A new study ‘The Kids BMI Study’ is being undertaken in the South Island, through the 
University of Otago and Ministry of Health. This study commences October 2018. The 
purpose of the study is to evaluate the South Island’s response to the government’s Before 
School Check (B4SC) referral initiative recently brought in as part of the Childhood Obesity 
Plan: ‘By December 2017, 95% of obese children identified in the Before School Check (B4SC) 
programme will be offered a referral to a health professional for clinical assessment and 
family based nutrition, activity and lifestyle interventions.’    
 
What are the aims of the study? 
The study aims to identify any gaps in service delivery, any negative effects, and to ensure 
the support programmes being delivered are the best possible for this age group, particularly 
for those most at risk of obesity (the Māori and Pacific population). 
 
Who is involved? 
Any child in the South Island found to be obese at their B4SC will be invited to participate in 
the study (estimated 820 children).  The study will run over a one year period (October 2017 
– September 2018).  
 
What does the study involve? 
The study will follow these children up to one year after their B4SC and measure their 
progress through assessment of: 
 height and weight 
 quality of life 
 involvement in support programmes. 
 
What do you need to do? 
We do not need you to do anything, but feel your knowledge regarding the study is 
important as their primary care provider.  
 
For any queries, please contact: 
 
 Prof. Barry Taylor Primary Investigator  021 616229 
    University of Otago  barry.taylor@otago.ac.nz 
 Dr Gloria Dainty PhD Student   021703969 









South Island Alliance    







Thank you for showing an interest in this project.  Please read this information sheet carefully. 
Take time to consider and, if you wish, talk with relatives or friends, before deciding whether 
or not to take part.  
 
If you decide to take part we thank you.  If you decide not to, there will be no disadvantage to 
you and we thank you for considering our request.  
  
What is the aim of this project? 
 
The Government has set up a new program aiming to improve the health of children by 
ensuring that any children identified as being above a healthy weight at their before school 
check (B4SC), are given special support. 
 
This study aims to evaluate whether this program is working.  It will do this by getting 
information before and one year after the support.  The study will look at the children’s 
growth, as well as how they feel about their health. 
 
It is hoped that in the future this project will grow to include further follow-up. 
 
Who is funding this project? 
 
This study is being performed and funded as a PhD study through the University of Otago.  
Funding is via University of Otago and Freemasons (community) funding, as well as support 
from South Island District Health Boards. 
 
Who are we seeking to take part in the project? 
 
Anyone identified as being above a healthy weight in their B4SC is invited to participate in 
the study, whether they take up the extra support offered by the Government or not. 
 
Are there any risks?  
 




If you take part, what will you be asked to do? 
 
If you choose to take part in the study, a researcher will come to your house when your child 
is five to collect information: 
 
From your child: 
1. Height and weight of your child, measured at the B4SC, and again one year 
later 
 
Participant Information Sheet 
for Parents/Guardians 
 
The Kids BMI Study 
Evaluation of Community Interventions for Pre-
Schoolers with High BMI in the South Island 
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2. Some questions about your child’s health, collected at the time of the B4SC, 
and again one year later 
3. We will get some basic background information about your child from their 
B4SC (sex, ethnicity, age, address) 
 
From you: 
1. Some facts about a child’s family can help us understand about a child’s 
growth. With permission we would collect information about mum and dad’s 
height and weight, and whether mum smoked during pregnancy. 
 
It is hoped that this study will grow to include further measurements and questions when your 
child is nine years old. 
 
What about confidentiality? 
 
During the study all of your information will be kept safe, and only research staff will have 
access.  Your child’s height and weight data may be provided to their GP for their records. 
 
Any data required will be kept in a secure place for at least ten years by the University of 
Otago. 
We aim to publish the results of this study.  No names will be included in these results. 
 
If you agree to take part, can you withdraw later? 
 
People are allowed to come off the study at any time, and this will not affect the care you 
receive from the health professionals looking after your child.   
 
Any questions? 
If you have any questions now or in the future, please feel free to contact either: 
Prof. Barry Taylor     021616229  Dr Gloria Dainty  
 021703969 
Primary Investigator     Researcher 
Women’s and Children’s Health    Women’s and Children’s Health 
 
For Maori health support please contact: 
Hine Forsyth, Maori Child Health Advisor 
hine@earthlight.co.nz  0273730015 
 
You can also contact the Health and Disability Ethics Committee (HDEC) that approved this 
study on: 
  Phone:  0800 4 ETHICS 









                                                                                                                                                       
 
I have read the Information Sheet concerning this study and understand what it is about.  All 
my questions have been answered.  I understand that I am free to request more information 
at any stage. 
 
I know that:- 
1. My child’s participation in the study is voluntary 
 
2. I am free to withdraw my child from the study at any time without any disadvantage 
 
3. I consent to the research staff collecting and processing my child’s information, 
including information about my child’s health 
 
4. I understand that my child’s participation in this study is confidential and that no 
material which could identify my child personally will be used in any reports on this 
study 
 
5. I am aware that my child’s height and weight data may be passed on to their GP for 
their records 
 
6. Any data on which the results of the study depend may be retained in secure storage 
for at least ten years 
 
7. The results of the project may be published and will be available in the University of 
Otago Library (Dunedin, New Zealand) where all participants will remain anonymous  
 
8. I know that there is no remuneration offered for this study, and that no commercial 
use will be made of the data 
 









CONSENT FORM FOR PARENTS/GUARDIANS 
 
The Kids BMI Study 
Evaluation of Community Interventions for Pre-schoolers with High 




I agree for my child to take part in this study             YES  /  NO 
 
I am happy to give some personal information about our family   YES  /  NO 
(parental height and weight, maternal smoking in pregnancy) 
 
I am happy to be contacted in 1 and 5 years’ time for further   YES  /  NO  





.............................................................................           ………………………………. 




















































































To undertake anthropometric measurements (weight, and height) of children for 
their 1 year follow-up assessment 







 Measurement Protocol  
 Anthropometric record sheet 




 Digital Scales 
 Piece of wood 18mm x 50cm x 50cm 
 Equipment Bag: 
  Hand sanitizer  
  Pen (black of blue -for recording results on data sheet) 
  Wipes 
 Measuring equipment 
Tanita WB-100 MA weighing scale: portable electronic scale that have taring 
capability and calibrated to 0.1kg. 
Leicester/Wedderburn Portable Stadiometer: to measure child’s height to the 
nearest 0.1 cm. 
 
All measuring equipment must be highly accurate, precise, sturdy and portable. 
 
Scales and stadiometers should be calibrated before measurement (will be 




Steps – Before 
 
1) All equipment should be checked prior to first measurement of the day. 
2) Confirm that all supplies needed for the measurements are available and accessible. 
3) Information should be entered on data sheet including: 
     1- Date    2- Measurer’s Name.  3- Child’s Name   4- Participant Number 
 






1) Measurements should be taken and recorded twice. 
2) It is important to follow the same technique and protocol during successive 
measurements. 
3) Any measurements falling outside the maximum allowed differences should be 
repeated and                                entered in designated boxes on the data sheet. 
4) Data should be entered on the sheet using a pen. 
5) Immediately record the measurement after it is read, it helps to have your pen and 
data sheet near you. 
6) Record the measurement directly onto the data sheet. The more times the 
measurement is copied, the more chances of error there are. 
7) Record measurements clearly and neatly, the same way every time.  
8) If carpet is the only flooring in the measurement location, put a piece of wood (on the 




Steps - During 
General Guidelines for Measuring and Recording 
1) Always tell the participant what you are going to do before you do it. Explain 
what you are doing and why. Remain unaffected by tattoos, piercings, etc. and do not 
comment about the participant’s body. Maintain professionalism at all times.  
2) Avoid parallax when taking measurement readings. Parallax 
describes the phenomenon where an observer reads a different value on a 
measuring device depending on the angle from which it is viewed. Parallax is a 
common cause of data error especially for measurements obtained using the 
height equipment. The examiner should read the measurement with his or her 
line of sight directly in front of the value rather than at an angle or from even 
slightly off to the side. 
3) Exam staff must carefully watch children at all times because they can 
quickly and easily hurt themselves.  
 
Child Measurements 
1) Explain to the caregiver that information will only be used for this study.  
2) Confidentiality of information must be assured. 
3) The anthropometrist’s confidence and poise is important for reassuring both the 
caregiver and child, and includes maintaining eye contact and talking to the child in a 
calm, reassuring voice. 
The best order to carry out the measurements is: 
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1. Ask the caregiver to take off the child’s shoes, any heavy outer clothing, any 
headwear and hair ornaments that could affect the accuracy of the height 
measurement.  The child should be measured in light day clothing (e.g. shorts or a 
light skirt and a t-shirt or singlet). 
2. Child’s weight 1.  
3. Child’s height 1.  
4. Child’s weight 2. 
5. Child’s height 2.  
6. If the child refused to stand on the scale alone, record the weight of the caregiver, 
tare the scale and ask the caregiver to hold the child and record his/her weight. 
7. Check that differences between measurements 1 and 2 are acceptable. If not, then 
repeat measurement a third time now. 
8. Note if requiring to use the wooden board to stabilise equipment, it would be sensible 
to do both weight measurements, followed by both height measurements to decrease 
the need to move equipment. 










Place the scale on a flat, hard, even surface. Be sure there is adequate light to read 
measurement. 
1) Explain to the participant the procedure for weighing.  
2) Ask the caregiver to remove any excessive clothing. 
3) Turn on the power key, wait until (0.0) is displayed.  
4) Ask the caregiver to help the child to stand with his/her feet slightly apart in the centre 
of the scale. 
5) Immediately record the measurement to the nearest 0.1kg. 
6) Repeat steps 4&5.  
 
Height 
Explain to the caregiver and child the procedure for measuring the child’s height, the 
caregiver will be required to help with measurement and to soothe and comfort the child. 
1. Assemble the stadiometer and place the measuring board on a hard flat surface against 
a wall. Make sure the board is not moving. 
2.  Check that shoes, socks and hair ornaments have been removed. 
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3. Working with the caregiver, and kneeling in order to get down to the level of the 
child. 
4. Help the child to stand on the baseboard with feet slightly apart. The back of the head, 
shoulder blades, buttocks, calves, and heels should all touch the vertical board. 
5. Ask the caregiver to hold the child’s knees and ankles to help keep the legs straight 
and feet flat,with heels and calves touching the vertical board. Ask them to focus the 
child’s attention, soothe the child as needed, and help you to keep the child in 
position. 
6. Position the child’s head so that a horizontal line from the ear canal to the lower 
border of the eyesocket runs parallel to the base board (Frankfurt Plane). To keep the 
head in this position, hold the bridge between your thumb and forefinger over the 
child’s chin. 
7. If necessary, push gently on the tummy to help the child stand to full height. 
8. Still keeping the head in position use your other hand to pull down the headboard to 
rest firmly on top of the head and compress the hair. 
9. Read the measurement and record the child’s height in centimeters to the last 
completed 0.1 cm 
 This is the last line that you can actually see. (0.1 cm = 1mm) 
            
Disassemble the measuring stadiometer, collect all equipment.  
Ask caregiver if they want a copy of child measurements, write them on 




Appendix E:  Kids BMI Study Caregiver Survey 
Information Sheets and Questionnaires 
 
       
               
To:  Caregiver’s of Name Child 
   Address 
We contacted you recently regarding the Kids BMI Study – a study looking at programs put in 
place for children with high BMI at the B4School Check. 
We understand that people may have had different experiences with the B4SC and discussions 
around their child’s weight.  We would like to improve the way the B4SC results are 
discussed.  We value your opinion and want to hear how this went for you and your child.  
The information you give us will be used to make this discussion the best it can be for families 
in the future. 
In our last letter we asked you to let us come to your house and measure your child.  Since we 
haven’t heard from you, we wondered if instead you would fill out a simple survey about the 
B4SC to give us your feedback. 
 
 Your survey will be returned with a study ID only.  Names are stored separately 
for contacting participants only and will not be linked to individual results 
during analysis. 
  
 We aim to report the performance of the group as a whole.  Individual comments 
you give us about your experience will not be shared with any health care 
providers, and will not affect you or your child’s health care in the future 
 
If you are happy to do this, please 
 return the survey in the reply paid envelope 
or  
 text CHAT and your child’s full name  to 021 221 1182 and we will call you to 
complete the survey over the phone 
or 
 text VISIT if you are now happy for us to complete a home visit 
Thank you for any help you can provide 
The Kids BMI Study Team 
University of Otago 
 
 
The Kids BMI Study 













Thank you for agreeing to participate in this survey. 
The questions below relate to the B4SC your child received when they were 4 years old.  
Please answer all questions that are relevant to the B4SC you and your child received.   
The Kids BMI Study 







THE B4SC  
 
At the B4SC your child may have been identified as having a high BMI (Body Mass Index) or 
concerns with their weight. 
 
1. Was your child’s weight discussed at the B4SC?                
    
   
a. If yes, what words were used to describe your child’s weight? (tick all 
that apply) 





□ Unhealthy weight 
□ Big 
□ Increased weight 
□ Others_______________________________________ 
 
2. Were you happy with the words used in the discussion?   
                                       
 
 
3. What do you think is the best word for health professionals to use when talking 
about children with increased weight? 
_____________________________________________________________________ 
  
4. Was your child’s weight discussed in front of your child?   
  
                 
 
5. Do you think it is OK to discuss a child’s weight in front of them at the B4SC?  
                 
 
 
a. If not why? 
□ The risk of causing eating disorders 
□ The risk of damaging a child’s self esteem 









6. Did you agree with the assessment of your child’s weight? (please circle) 
   
 
1 2 3 4 5 
Strongly 
Disagree 
Disagree Neutral Agree Strongly Agree 
 
 
7. If you disagreed with the assessment of their weight, was there a reason for 
this? (tick all that apply) 
□ I do not believe my child looks overweight 
□ I do not believe the BMI charts work for my child’s ethnicity 
□ I think my child is muscular 
□ I think my child is “big boned” 
□ I do not think the measurements were correct 























Any child found to have a high BMI at the B4SC should be referred for a full health 
assessment to check if this represents a health problem or not. 
 
1 2 3 4 5 
Very Unhappy Unhappy OK Happy Very Happy 
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9. Was your child referred to anyone for a health check-up? (tick all that apply)  
□ GP 
□ Public Health Nurse 
□ Practice Nurse 








a. If unable to attend the health check-up, was there a reason? (tick all 
that apply) 
□ Already under medical follow-up   
□ Problems with transport 
□ Didn’t feel it was necessary 
□ Didn’t feel comfortable talking about the issue 
□ My child didn’t want to go 
□ Scheduling problems 
□ No reason 
□ Other 
______________________________________________________ 





10. Was your child referred to any intervention programmes for their 
weight?   
 
Programme Referred?    
Y/N 
If referred: 
How many sessions 
were you able to 
attend? 
If attended: 
Was it helpful? 
1 = not at all 
5 = very helpful 
Active Families   1    2    3    4    5 
Triple P   1    2    3    4    5 
MEND   1    2    3    4    5 
Dietician   1    2    3    4    5 




GP Follow-up   1    2    3    4    5 
Others   1    2    3    4    5 
 
11. Are there any other comments you would like to make regarding the 
issues raised above that  







12. For statistical purposes may we look at your child’s demographic data 
(ethnicity, sex, address, 
B4SC growth measurements) from the B4SC database?  
                       




Thank you very much for the input you have been able to give us for the Kids BMI Study. 






Appendix F:  Posters Presented from this Thesis 
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